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A. G Memtora, x4, 


CULVER STREBT WORKS, COLCHESTER. 
Ox ADMIRALTY AND Wark Orvice Lists, 
BNGINBS for Borpedo Boate, Yachts, Launches. 

: BOILER FEED PUMPS. 
See Advertisement, pages 33 and 90. 
PATENT be sok BOILERS ut oi 


And Aux! as supplied to the 
tery Meena ‘ ‘nt 


YPOR Driven Generators, 


400-500 Ew., i toa 
R.P.M., in excellent condition. 


bei gree tena 


220-250 Volts, D.C. a volts), com plete 


nd Cendenser. 
NE SET, Willans-B.0.0., 200 Kw., 
Ite. Complete with Oo Pam ps, &c. 


West Walls 5 N yoann inte 


Prstel 
Preumatic 0 
Rock Dritts. Tools. 


See Advertisement last week, page 128. 
ranes.—Electric, Steam, 
HYDRAULIC sna HAND. 


Sa id sizes. 
GRORGH “Gus LL & CO. 
Motherwell, near Glasgow. 


STEEL TANKS, PIPES, GASHOLDERS, &c. 
thos. Piggott & Co., Limited, 


BIRMINGHAM. 7411 
See Advertisement last week, page 123. 


Plenty and Son, 


MARINE ENGINEERS, &c. 
Newszvry, ENGLanp. 











Lrp., 
8207 


























Specification and Workmanship equal to 
Main Line Locomotives. 
R.& W. HAWTHORN, LESLIE & & Con Lep., 
ENGINEERS, 
MULTITUBULAR AN 
CROSS-TUBE TYPES. 
Bee page 17. 
Pp etter Qi a 
Manufactured by 
“Gpencer-] opwood” Patent 
~'Sole Makers : Boilers. 
See page 18 
[=vincible (j208e ( ; jae 
Newton Heath Glass Works, 
Manchester. 
K lectric 


Od 9758 


arrow & Co., Ltd., 
SHIPBUILDERS AND Sie PRGEEEEES, 


Y 


SPEEDS 
PABDLE O& 


Repairs on Pacific Ooast 
by YARROWS, LIMITED, Victoria, British 


Colum 1788 
SHIPSUILDERS, Surp Rerarrnuns any ENGINEERS. 


_) ohn Bellamy, . 
MILLWALL, LONDON, BE. 
GrewxraL ConsTRUCTIONAL ENGINEERS, 
Boilers, Tanks, & Mooring Buoys 
Sriruis, Perrot. Tangs, Arr Reorivens, STExL 


Onpanrys, RIVETED STEAM AND VENTILATING PIPES, 
Hoppers, Sproat Worx, Reparns or Att Kimps. 





(Sampbells & Lye: L 4. 
Gear Cutting. 


Worm Wheels cut up to 13 ft. diam. 


Spur Wheels cut up to 9 ft. diam. 


DOLPHIN FOUNDRY, LEEDS. 4547 


G~~ Launches, or Bar, es, 
msi 


Built complete with Steam Oil or 
or Machinery su ‘ Od 358 


von & OO., Lrp., Broap Sransr, PorTsMou rz. 


FOR 
Drop Forgings 
caaTSnaRki nS FORGE oo 
Wellington Street, Glasgow. 


1 Pruel “A Ppliances. 


PRESSURE, 
AIR, 
STEAM 











SYSTEMS 


FOR BOILERS OF ALL TYPES. 


Kermodes Limited, 
36, Tae Tempe, Date Sraeet, Liverroot ; 
108, PFawcuvunocn Street, Lorpox. 
NAVAL OUTFITS -A SPECIALTY. 
ocomotives Tank Engines 
and constructed 
MANNING ‘WARDLE AND OOMPANY, LiMiTED, 
Works, Leeds. Od 
See their Illus. 


2487 
it, page 141, last week. 
RAILWAY AND TRAMWAY ROLLING STOCK. 


4018 








$208 > Neti Nelson & Co. L* 


amantics: ~~ ~~ -Sgpdetaud + ~1 


The (Sambridge and pa 
[2strument 


COMPARY, 


Worxs: Cambridge and 
New Southgate, London, N, 11. 


wn | H{ e@ty Butcher & Co., 


VALUSRS any AUCTIONEERS 
to the 
BNGINBERING AND ALLIED TRADBS. 





8104 
LIMITED. 





ALSO FOR 
PLANT sawp MACHINERY. 
68 and 64, CHANCERY LANE, W.C. 2. 


8134 


Bevel and Mitre Wheels planed up to 3 ft. diam. | 


[['ubes and Fittings. 


Stewarts and T /ovas, 4 
Glasgow and Birmingham. 


See Advertisement page 76. 8187 


9 Pleats (ae) 


for Chemical Wks., Mineral Water Mfrs., Breweries, 
1s: all Near! yar poses. — SPARKLETS AND Gxwmnat 
monton, London, N. 18. 


“Waterloo” Fire Fztinciour|. 


is the Engineer's hi dCO*. Noacids 
Noalkalis. aerbtreememeeh mm on oe —-BrivisH Fire 
Appiiances Co., Lid., 109, Victoria wave. CHAR Wi 
ABRI ROP AY5, ©. A 


teel (\astings. 
Ra 


“JOHN M, AENDEUSON & CO. Anennene. 
[the Glasgow Railway 
ngineering Company, 


London Omen id Victoria Street, 8.W. 











MANUFACTURERS OF 
RAILWAY CARRIAGB, WAGON & TRAMWAY 
WHERLS & 
CARRIAGE & WAGON IRONWORK, also 
CAST-STERL AXLE B 
ement.- —Maxted & ~ Knott, 
ulting Oement Engineers, ADVISE 
GUNBRALLY om Ce 


ment Schemes FO 
BNGLAND AND OAD. ADVICE ONLY. 
Highest references. Established 1890. 
Address, Bunwett Avenrvuz, HULL. 
Cablegrams ; “ Bnergy, Hull.” 
CHANTIERS & ATELIERS 


Aveustin - Normand 


67, rue de Perrey—LE HAVRE 
(France). 





790) 





Boats. 
NORMAND Patent Water- a or Oll 
Heating. Diesel Of! Engines. 


Yarrow Patent. 
W ter-tube Bolles. 


YARROW & OO., Lep., Soorsroux, GLASGOW, 
so pe & Co. L%: 
Lavenroup gun worrs, Dumbarto D. yee 
Prorsings. 
| WW alter Qomers & 00, 
| Drege Brand sxqinmmuinaactors. 
Pony Bare Sheets Wire, Dobe mi 


8. GREENWICH, LONDON. 5.8. 10(4at Birmingham) 


['eylor & (jbellen 


Presses. 


+ | TAYLORS CHALLEN, Lp., Engi Bi 
See Full Page Kavertisement, April 2. 








Ltd., 


716 














AM 





ailway 
G witches and 
rossings. 

t. ane ee LIMITED, 


R Y. Pickering & Co.,: Lid., 


(EsTsBLISHED 1864.) 

Soinunn tnarprammasmeamenedtianinn 
MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY WAGONS FOR HIRE. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 
London Office : 
3, Vicronta Staxeer, Westmuerer, &.W. 








MANUFACTURERS 


Rubber 


Hose Steam and 


Air Drill 


GUTTA PERCHA & fags ate wey sic 
Toronto 


Mosen and Engineering 


Manutacturery, Patentecs, be. undertaken for 
Patentees, &c. Also 


& Api 

NEW P. 
| eee made hear 
from firms desiring a1) 





the 
monte 





(['tansporters. 


ank Locomotives. 
NEWCa8sTLE-on-TYNE 
((ochran 
Boers. 
8205 
PETTERS Limirep, Engineers, Yeovil. 
W. H-SPENCER & OO., res, Herrs. 
BUTTERWORTH BROS., Lid. 
8. H, HEYWOOD £,00., LAD., 
REDD 


8142 


K lectric 7 aah 


(UP TO % TONS.) 
5. H. ame’ = 2X OOD & CO., LTD., 
REDDISH. 


| aadestag tec (renee. 


8. H. HEYWOOD & 0O., LTD., 
REDDISH. 


Lrcomotive [['raversers 
(BLEOTRIC). 


8. H. HEYWOOD & OO., LED., 
REDDISH. 





Fler, Hizey Alone & Cassell, 
SPECIALISTS 
in the 
SALE AND VALUATION 
PLANT AND NACUINERS 
ENGINEERING WORKS. 
BILLITER SQUARB, B.C. 38, 
Tron and Steel 


(Tubes and Fittings. 


il, 





“A ptol” 
Lbreaing 
“Germ Process” Oils 
GIVING 
Greatest t Economy. 
Beary Wells Oil Co., 


era aaa 1. 


ailwa lings 
Sa el 


a Ce 











EF. 2. Davis, ML! M.L Mech.E., 
« Gas mg ne tel 
Thad at Shrttond, Wie Wire: * Tear experenes Fal 


Road, Stratferd, B. 15. 1794 


(J corse H A jezander 
M &chinery | 
83-4, COLESHILL STREET, Brrucremam, 


Machine Tools. 
Smatt Toor, 








Dredging Ppiszt 


OF ALL DESCRIPTIONS. 
FLOATING ORANES. COAL BUNKERING 
VESSELS 


kes Has A A 
#41, New Bnoad 82., LONDON, 8.0.3.” 
See half-page Advert. last week and next week, 








ities paid in case 
Botlere inspected during construction. 


Yhe National Foremen’s 





under the Trade Union Act.) 
ally formed to look after the 
» thelr Gupervinery Copnatiy. 


Head Offices— 


81, High Holborn 
* London, Ww.C.1. 


An Associaticn special! 
interests of Pocemen on i 
All an to— 
Caner Beortary 
niversit of Liverpool, 
8 ION 1919-20 
FACULTY OF ENGINEERING. 
Professor J. WEMYSS 





omg dy Drawi 
a ra 
Physics, Sena aay be + segegnane 


[the Sir John Cass Technical 


INSTITUTE, 
Jewry Street, Aldgate, B.C. 3. 


DEPARTMENT OF METALLURGY. 
The pa ag 1 course of Senaogetion will be 


ven d ummer Term 
THE Prt OF METALS AND 





BY 
0, O. BANNISTER, A.RS.M., ee M.M., ag ved 


raphy aT in the after- 
tres red iron and steel and the 
principal joduetrial al 

m Seven to Ten pm., 


MG. dare a 
- BY AY, APRIL 27th, 1920. 
On detail Syllabus of the Course ‘may be had 
ite application at the office of the Institute, or by 
r to the PRINCIPAL. F 746 





[the Anglo-American Machine 
TOOL SUPPLY CO. 
beg to inferm their numerous clients that they 
bate moved to larger premises at 
2%, GREAT RUSSELL STRERT 
TOTTBNHAM COURT koan. 


Telephone No,.: Museum 2044. 


F 604 


[sto O.E. Exams. Over 300 300 | Port: 


izes, Sec, mars now 
and Spacer 
Address, 7434, Offices of 


rrespondence ‘Courses for 
B.Se., Inst. 0.8, L ye. 3B. * teas 
NEBRING "REAMS. mang soeeee ane 
Subjects. Personal tuition —For full i pertioulars 
apply to Mr. TRuVOR W. PHILLIPS, B Se. (Hoxs.), 
Assoo.M.Inst.C M.RS.1, ete., 8-10 


ma ome Oe 





“IRs 


ENGINEERING. 
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SBBW Pea ee reese 


above-named Council 
aire: re 1800 Yards of Good | 24% 


ee 14-16 Ibs. JUBILEE 


Sleepers for 24in. 
= 


SECOND-HAN 
ee eee 
to Steel Sleepers for 
20 new or good SECO: 


ROOND REND TURN TABLES 
for 24in. gauge. 
One Electric "HP. Bingle Pulley Endless 
HAULAGE & ENGINE. Complete, 

sin, STEEL ROPE and 
The lowest or any Tender will not necessarily be 
ae enclosed in a onles s sure lope patemee 

the outside “Light Rail 
” as the case mtg ax ) should t be delivered 
Vy 2, _ not later than Monday, the 19th day 


ae ed this 25th day of March, 1920, 
#10 0, HUGHES, 


District Ceuncil Offices, 
Hbbw Vale. 





PARISH OF LAMBETH. 
BOARD OF GUARDIANS. 


The Guardians of the Poor of eee $F 
Lambeth hereby In 


[renders for the "Periodical |r 


OLEANING of the BOILERS and other 
various hmente. 

ether with Specifi- 

cations, may be obtained at office on any day 
(except meaty), between the hours of 10 and 5. 

The Tenders, which must be sealed and super- 

scribed “ Tender for Boiler Cleaning,” must be sent 

to the undersigned or placed in box vided 

for their rece’ in the Office of the Clerk to the 

b Tenderers, or their Sees, 

should t so 4 , on or before Tuesday, the 

20th inst,, and will be in the Board Room at 

11.30 a.m., on the following day. 
The Guardians do not pledge 3 themselves to accept 


the lowest or yd ga 
er, 
JAMES Xe GOLDSPINE, 


gra Apeil, 19: F 722 
THE GREAT INDIAN PENINSULA RAILWAY 
OOMPANY. 








The Directors are 


(T'enders for the re Supply of the 
following STORES, namely :— 
Fee an Spetiaetion. 
No, 1, WOOD HANDLES 
lenders due 20th April.) 
No, 2, STEBLWORK for BRIDGES 21 
(Tenders due llth May.) 

Specifications and Forms of Tender may be 
obtained at this office on payment of the fee for 
the Specification, which payment will not 
returned, 

The fee should accompany any application by 
Tenders, must be delivered in separate envelo 
sealed and addressed to the undersi ed, marked 
“Tender for Wood Handles,” or, as the case may 
be, ee later than Bleven o’Olock a.m. on Tuesday, 


for Wood Handles, and Tuesday, 
llth May. for Steelwork bed Bere as 
do not bind themselves to accept 


The 
the lowest or any Tender. 
R. H. WALPOLE, 


Com: 's 
Pas, Gopthal Acemney B.C, 2. 
London, 6th April, 





Chambers, 68, Bonk. John 8 ieee Rhvernesl. 
ewes C.E., I. Mech. E., B. B.Sc., 


nM Test on F.6.1., 
ATES personally 


ree San.1., PREPARERS © CANDID 
by Hundreds successes. 
commence at any time.-30, hag 


Goulden 
Ss., Wi 





gineering Special Classes. 


bem y Ooarse, F . 
—_ and Oasloulus.—PENN NS, 
niversit 1 Tutors, 364 Oxferd Rd., Manchester. 


TENDERS. 
AUCKLAND HARBOUR BOARD, 
NEW ZEALAND. 


[renders are Invited for the 


QONSTRUCTION and SUPPLY of 
1 deed BLEOTRIC CAPSTANS and SPARES. for 


“Spe yy can be ‘ovtained 
on oe, openers. of .0 @ of . ‘deposit ate Me mong at = 
Mesers. W, awd) A, 
McARTHOR, Lrp., teen eae Silk Street, Cripplegate, 
London, B.O, ug. 


Tenders to reach Auckland by noon, on eat Xo’ 
lst, 1920, F125 











OLYDE LIGHTHOUSES TRUST. 
The Trustees invite » 
uiries for the Sale or Hire 
ge we “WILLIAM 4H, 
im excellent order. The 
Droge iat seve <5 West Port 


Harbour, 
hour at 42 feet ¢ ation 
twe sets of bucl 





ott pveges speed § knots; 


large and 
a, tculars of 
D. & a" . oak vessel “8 Messrs. 


uiries f 
Bam ‘or sale or hire to be made to the under- 
+0, Aon 
187, Bt, Vincent Street, snags 
tithe . 1990, 


3s Ee] 3 
MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD. 
(PLantT 4Np Macuinery SEcrioy.) 


Fo Sale by Public Tender. 


MISCBLLANEOUS ‘PLANT 
Located * SHANNON STROMT MARYUGILL ; 
CASSBL CYANIDE CO.’s WORKS, GLASGOW. 

Com fo 


SWAGING RACHID 
30 # Ton 8 ——— DRAW BENCH 
(Motor Driven) Twin Chamber 


’s Patent TURNING FURNACES 


Iuduction MOTOR, 
(Merse) Rocker Joint CHAIN 





i U 
nn Ou AGE soe. Drives(various). | large 


Oak V. 
and W.I. Piping, etc. 


Offers for individual lots considered. 
permit to view, and 


For particulars, Tender Form 
be obtained tethe CONTROLLER, 
Fiagt tpd Machina (Obie) Oberg Or Hata, 


So be returned on or before 10 a.m., 26th 
gg Ng = mgm ny hw md 
Sa At ail 


tpt ee 
eas 


ay 





2 
D JUBILEB 


a 


Storing under Heat. 
at. Titers, O.1. Mitre Wheels. 0.1. | Si0U7s- 





ts r Sale by. 


RATING SET, 440 


IL : 160 Ibs. 

rege BR, 24 ft. by 7ft. by Ihe. 

BIR PUMP, Separator and all accessories, com- 

pete aid nest nem MEAFG. 00., Lav., 
Pipe House Wharf, 


Swansea. F 665 


APPOINTMENTS OPEN. 
RANGOON PORT COMMISSIONERS. 


W anted, as Chairman of the 
waco MISSIONERS F FOR THE PORT OF 
a gentleman proved organ: 
ability, with, practical experience in business 
ratl oe aoe port administration, not over 45 years “T", 
age te be fixed according to qualifications, 
nbs bade cepa Rs. 3000 a month with a free 
use. 

The «@ age will be on an agreement for 
five wot ww oP ped to extend mth peo for 
fapeie porte of fh sory 10 years by mu’ a = 
r 


tn Apel Cra 
= 00. "Bax Goust »to a Memes. Vi, Ooranill, Londem, from 
pa ay Ba 


from 
lars regarding the ‘oa 
ment may be F 643 
SUDAN GOVERNMENT RAILWAYS. 
['hree Permanent Way 
INSPECTORS REQUIRED, age not over 30. 
Unmarried preferred. Commencing salary £E 240 
r annum plus 40 per cent. tem war bonus, 
as long as ‘allowed by \Geveqament. £E 1=21 0s. 64. 


sterli 
Applicants should have had experience of work 
= Railway or at least have held the nathan 
of Foreman Ganger. 
Contracts to be signed for one year. 
ane passage out and home again on completion 


Strict m medical examination 


arn EP ivabs, et, B.S sewn eee to Sir 


Ee 1, Bnve elopes to be ariel 
a4 ht annoy Way Inspector.” F 696 


SUDAN GOVERNMENT RAILWAYS. 


torekeeper uired, with 
good apne knowledge of ped Way 
Stores and the keepi: soe Baad of store ledgers. Age not 
over 30, unmarried preferred 
Commencing salary 2H 240 per annum plus 40 
per cent. tem ‘war bonus, as long as allowed 
by Government. 1 = 21 Os, 6a. ng. 
Contract to be signed for one year. 
Free passage out and home again on completion 
of service. 
apply ar oer sine 
Pp’ , statin 
aE Wube, OMG. 
Westualecter: SW. 1, 
** Storekeeper.” 











full particulars, to Sir 
ueen Anne's Chambers, 
Envelopes to be marked 

F 696 


anted, an Experienced 
ARCHITECTU ASSISTANT 

with a good knowledge of general con- 
yg eh must be quickand souerehe Draughtsman. 


Appl ly , stating sae, expe ———, A _ +» and 
enclos: suph ooRy of two recen 


be x CIVIL ENGINES, 
M. Dockyard, 
Portsmouth. FP 732 


anted for Canadian Works, 








lable N¢ 
poarbaty Victoria Street, London. 


((lerical Assistant Wanted for|s 


Civil Bngineer’s Office. Thorough knowledge of 
costing, estimating, quantities, — of a 
ducting po nee pein general office routi — 


—Write , experience and salary req 
B BOX BT76, hy NIGHTINGALE, ‘Advert. © Stices, 
verpool. FP 634 


‘Assistant B Buyer Wanted, by 


rg Works in the Midlands. ‘Young 
man geattines with knowledge of materials and 


sources - A ply. Must be mee correspondent.— 
salary required, 
to F 704, ‘Offices of heetrexuiwo. 6h 


atefixer Required, by firm 


= on the uction of s -class 
Motor Cars, don Disuher Me Must be thotoughiy | to 
ea ‘with: rn machine ve pln agente a 


te lay out ye fix rates, and 
= —W 
Setaa ten ed Ea 
igh ‘Hol born, Lo: 


uired, to 
Rewized a Fully Qualified 
peration and adv ais’ Ftsing ‘Department ste, 











ence, and salary 
aio 9 eg Ltp., 296-302, 





. be Penpable ot Than gh 
pa ef to F 710, 





Wanted, Smart and Energetic 
a Oe oo hee eee ee Sees 8 
Rebth. “Htust be wall w * Sonmesan < 7 ‘tan the 


pene iitnar ete cad niery Peeeited, ‘to 


anted, ted, Capstan Setter-Up 


he ge mag Re eee | 
Vehicle Manufacturers North.—Ad 


eee TT genoa, 


ee ee Shift Machine 
VV Ssuor sp 8U a ar ye 
methods 








pp wpe man used epg eee 
of | and a knowledge ef all 


624 | F Sia, 


& Mavens D.C. GENE- | 
; ‘also Spare Armature for 


anted, Assistant Su: pers = 
TEN ENT tor - 





sated, First-class Man as 
rare SUPERINTENDES?T of » 
man uring Electric Desk Feus and 
small Power Motors, a man familiar wiih the 
eres: -% male and female labour, 2: ex- 
the a op control of all depar 
oe grade fans and ema’) 
thoroughly experienced men need apply, 
Address eat cay em watatin age. experience and salary :equired, 


ENGINEERING. 
Gales Manager (prepared to 
travel when n ) REQUIRED for the 
Iron, Steel, Metal and Engineering Department of 
an old-established and capertaat Mercha::: Firm 
omesty ery valuable Agencies. Must he tech- 
trained, with initiativeand sound comnicrcial 
pr re and ey erent with sources 
of supply and demand ome and Export. State 
age, experience, remuneration and references in 
confidence.—Address, “METAL,” Wa. Porveous 
anp Co., Advertising Agents, Glasgow. F713 


Manager.— Wanted 
Be ractical and energetic man to TAKE 
coNTRO of a large Iron and 8 Foundry; 
preference given to one having experience in 
economical production of large and small castings, 
A ts sheuld give particulars of their ex. 
and also state age, and salary desired; 
pplications will be treated as strictly confidential, 
ikieese, F 620, Offices of EngiveEnina. 


Fully Qualified and Ex- 


pet Assistant WORKS MANAGER 
is REQUIRED by an enterprising and progressive 
frm ising in one product and employing 
1500 highly skilled workmen. Bonus premium 
ay erked entirely. Plant is right up to 
te, with complete equipment of modern jigs and 
tools. Applicant must have had practical workshop 
experience with a modern plant. Must be capable 
of deal with time limits, shop organisation, and 
ble o! controlling progress of output to estimate 
tt cost.—Address, Offices of GINEERING. 
‘A ssistantto Foundry Manager 
REQUIRED, in Steel seme | specialisin 
in light work. Must be a thoroughly practica 
2450.— Write, neg full 


Foundry man. 
perticufars to BOX rr 202, cio A. J. WIL ON & CO., 
lerkenwell Road, London, 8.0. 1. Fui 
(Civil Engineering Assistant 
WANTED, in Manchester Civil Engineers’ 
Office, for Power Station Construction and ailway 


work.— Address, stating , @xperience and salary 
required, F 724, Offices of (GINKERING. 


I['wo Civil Engineering 


ASSISTANTS REQUIRED. — 
be good Drau ger a , thoroughly ex 
enced in Srotisrakk and reinforced conerete. = 
knowledge of building construction, surveying and 
levelling. 

Apply, stating age, experience, qualifications and 
8a req , together with copies of at least two 
recent testimonials, to 

SUPERINTENDING OIVIL ENGINEER, 
H.M. Dockyard, ve 
1 


ee Rosyth. 
Fleetrical Engineer Wanted 


by old-established of Engineers in the 
North, to take charge of electrical branch just 
- | opened. Estimating, quoting and supervision of 
lighting and power plants for factories and private 
houses. Armature eopeite, etc., m nical 
| experience an advanta, State experience 
upported by testimonia’ Good prospects for 
suitable man.—Address, F 633, Offices of Ewe1- 
NEERING. 




















CITY OF MANCH:STER. 
The Electricity Committee of the Manchester 
Corporation 


Rew re the Services of a 
IDENT ENGINEER, to act under the 
direction of the Consulti ng Engi gineers, on the 
construction of their new Generating Station at 
Barton, near Manchester, including road diversion, 
canal doek and culverts. 

Candidates should have experience in heavy 
construction on public works and 
——- with a contractor. 

me Oke: seguten, 08 colery 

ali ore references, to be addresse: 

o the 'C ¥ THE BLECTRICITY 
COMMITTEE, Town Hall, Manchester, endorsed 

t Engineer,’ and delivered not later than 
Tweive o'clock noon, on Wednesday, the 2ist April, 


THOMAS HUDSON, 
Tow 


coieeetre some ex 
Applications, s 


m Clerk. 
ist April, 1920. F 708 


A ssistant Engineer 
REQUIRED by the GovEeRnMEST 
oF THE Sraaits SerrLeMeEnts for three 
i | years’ service in the Public Works Dapeement, w - 
pros of perman . Salary lollars pe 
mon rising b anausl increments of 26 dollars 
per month to 4b0 dollars per month for the period 
of the agreement, then by annual increments « tS 
dollars a —_ to a month, with 
farther advancements (the sterl{: 1g 





y 
erably sing ust have passed eit 
ee that held by th 














APRIL 9, 1920. | 
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A NEW THERMODYNAMIC CYCLE. 
By Writ1am J. WatKER B.Sc. 


Tuer thermodynamic problems involved in the 
design and testing of the internal combustion engine 
form one of the most fascinating branches of 
engineering science. Subject to certain qualifica- 
tions, the application of thermodynamic theory as 
developed by Rankine is always the surest and most 
infallible test of the efficiency of a heat engine, the 
working fluid of which passes through a “ cyclic” 
series of conditions known as a “thermodynamic 
cycle.” 

" spite of general recognition, however, of the 
value of thermodynamic theory, there is evidence 
that the subject, so far as its application to internal 
combustion engine cycles is concerned, has suffered 
somewhat in recent years from too rigid an adher- 
ence to what is known as the “air standard effi- 
ciency” formula. The reason for this stagnation 
in the progress of theory appears to have been due 
to the fact that the efficiencies of the “ constant 
temperature” (or Carnot) cycle, the “ constant 
volume ”’ cycle and the “ constant pressure ”’ cycle 
may all be expressed in terms of this formula 


Thermal efficiency = 7 = 1 og 


- 
“ita 

where r is the adiabatic compression ratio in each 
case. The result of this has been to create the 
general impression that engine efficiencies are 
limited, wholly by the compression ratios with 
which it is possible to work in the particular type of 
internal combustion engine concerned. It is the 
object of the following note to show that this is 
not necessarily always the case. It holds, of course, 
for the particular cycles to which formula (1) is 
applicable, but this does not imply that maximum 
efficiency,% between predetermined pressure and 
volume limits, is obtainable with any of the above 
three cycles. The Carnot cycle gives maximum 
efficiency between given temperature limits, but 
that is not the problem of the internal combustion 
engine. 

For the purpose of the present investigation, the 
thermodynamic cycle shown in Fig. 1 has been 
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For given pressure limits 





ar’ = constant = c 


while a given working volume is postulated by 
making v, and v, both constant, so that 
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chosen as representing perhaps the most general | 
type, limiting cases of which may be taken to include | 
most of the thermodynamic cycles on which modern 


internal combustion engines are operated. 

Cycles such as that shown in Fig. 1 have already 
been termed by the writer ‘“ Dual Combustion 
Cycles,”* on account of the fact that the heat is 
imparted to the working fluid by internal combustion 
both at constant volume and constant pressure. 

The following problem is considered to be the most 
important from the internal combustion engine 
standpoint. 

The determination of the maximum efficiency 
condition for a cycle comprised between given pres- 
sure and volume limits, assuming heat to be supplied 
— at constant volume, constant pressure, or 

th. 

The solution of this problem, as obtained by the 
following analysis of the cycle given in Fig. 1, 
does not accord with generally accepted opinion 
on the subject. This is not surprising, however 


since a solution on theoretical lines does not appear | 


to have ever been attempted, either because the 
necessary analysis would be too difficult or involved 
and probably not worth while, or because it was 
thought erroneously that the problem had already 
been solved. 
_ The following are the various operations concerned 
in the cycle of Fig. 1 :— 

From T to 0, adiabatic compression. 

From 0 to 1, heat given at constant volume. 

From 1 to 2, heat given at constant pressure. 

From 2 to 3, adiabatic ion. 

From 3 to 4, rejection of heat at constant volume. 


From 4 toT. rejection of heat at constant pressure. | 


The efficiency of the cycle is given by 
Heat rejected 
Heat received 
(T3 — Ts) + y (Ts — 1) 
(T; — To) + y (T2— Ti) 
Expressing all the temperatures of the cycle in 
terms of T as follows :— 


n= 1 — 


= i1— 








* The Philosophical Magazine, Sept., 1917. 
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obtained in terms of c and r, gives 


A-yr 
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and 
B= c{l1+y¥(p—1)} expression (3) 
for any given value of p involves only one variable, 
namely r. The condition for maximum efficiency, 
dn 
dr 


= 0 
gives 


(y—1)r’— Ar’) + B= 0 . (4 


In such a form as (4) the solution is readily 
obtained by the usual graphical method. The 
better method, however, is to draw the curves 
derived from (3) showing the relationship between 
n and r for different values of p. These curves, 
for values of p = 1, 2 and 3 respectively, are 
shown in Fig. 2, the value of y being taken as 1-3 
'to allow for variation in specific heat with tem- 
perature. 
| The curve, where p = 1, is the efficiency curve 
for the well-known Atkinson cycle. This, it was 
| pointed out at the time of its introduction, had a 
| higher efficiency than the constant volume cycle of 
the same compression ratio, the reason bein, due, as 
| was shown by Atkinson himself, to the additional 
expansion involved. What has never been observed, 
| however, is that the Atkinson cycle is the limiting 
case of a series of cycles, all of which have a definite 
maximum efficiency at a compression ratio less than 
the compression ratio required to compress the 
| gases to the maximum pressure of the cycle. This 





series of cycles is that typified by Fig. 1, for all 
values of p greater than unity. 

From the curves shown in Fig. 1 it appears that 
when p =1, maximum efficiency occurs at a 
compression ratio r = 14, i.¢., the maximum com- 
pression ratio possible between the volume limits 
given. When p = 2 maximum efficiency is 
obtained at a compression ratio r =10. The 
compression ratio giving maximum efficiency when 
p =3is r = 8, and so on. 

The writer's sole object in communicating this 
note on the subject of this maximum efficiency 
cycle is to draw attention to the theoretical fact 
involved, which so far as he is aware, has never 
hitherto been pointed out. The question, whether 
it is practicable and practical to modify existing 
Diesel cycles on the lines suggested, involves many 
controversial points which require actual experi- 
mental evidence for their settlement. 





RADIOTELEGRAPHY BY ANTENNA OR 
LOOP AERIALS. 

THE aerials of modern radiotelegraphic apparatus 
for the transmission and reception of signals are 
practically of two types. The antenna aerial 
consists essentially of a system of wires connected 
in parallel which form one plate of a condenser ; 
they are in series with a variable inductance coil 
which is earthed ; the earth forms the other con- 
denser plate, but the two plates are not insulated from 
one another. The loop (or coil) antenna consists 
of a flat loop of wires, wound on a square or circular 
frame, which can be turned about its vertical axis ; 
the ends of the loop wire are joined to a condenser ; 
there is no earth connection. Both types have 
their advantages. The antenna is generally con- 
sidered preferable for long-range transmission in any 
direction; the loop aerial is specially suited for 
directional transmission and reception, since the loop 
radiates and receives better in the direction of its 
own plane than in that of the axis of its plane or any 
intermediate position, because the electromagnetic 
vibrations are at right angles to the direction of their 
propagation. When London wishes to communicate 
with Paris, the loop is turned so that its plane is in 
the line London-Paris. Loop receivers hence make 
excellent direction finders, and when especially used 
for such purposes they are termed radio-goniometers 
or radio-compasses. As the loop can be protected 
from the short-circuiting effects of the water, loop 
aerials are more successful than antenn# in sub- 
marine communication. But the merits of either 
type can not be summed up in a few words. They 
both go back to the original apparatus of Heinrich 
Hertz, of 1888, who used an open oscillator of the 
antenna type for transmission and a loop for re- 
ception. Up till 1913 the antenna was almost 
universally used both for transmission and reception. 
The theoretical possibility of loop transmission was 
discussed by J. A. Fleming, in 1907; large loops 
had been advocated by G. Pickard in 1909, but 
they hardly attracted attention until F. Braun 
studied the use of the closed circuits (instead of the 
open circuit) in 1913. The war brought remarkable 
perfection to all radiotelegraphic apparatus by the 
use of thermoionic valves. In America, where 
some of the best work was done, a paper on “‘ Radio- 
transmission Formulas’’ was issued to the U.S. 
Signal Service. This paper was confidential The 
formule and other information are, however, 
embodied in a pamphlet by J. H. Dellinger, on “ The 
Principles of Radio Transmission and Reception 
with Antenna and Coil Apparatus,” published as 
Scientific Paper No. 354 of the United States Bureau 
of Standards. 

The formula for antenna transmission (measured 
in centimetres along the earth’s surface) which 
Dellinger deduces is H = 2 m h, I, / 10 d, where 
H is the effective value of the magnetic field 
intensity in c.g.s, units, at distance d from the 
aerial, fh the height of the aerial, I the current 
intensity, \ the wave-length, and the suffixes s refer 
to sending. For the radiation from loops [the 
Americans speak of coil aerials, instead of loop 
aerials} he finds H = 4n°h,!1,N, I, /10 dA* 4d, 
where N indicates the number of rectangular loops 
of length 7 and height h. When the transmission 
range exceeds 100 km., a correction factor F has to 
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be introduced on the right-hand side of the equation 
in both cases ; this F was determined by L. W. Austin 
in 1911. The current intensity received in an antenna 
aerial is I, = 300 h, H/R, where h, is the height and 
R the resistance of the aerial; in a loop aerial 
I, = 600 r hy ly Ny H/Ry , where the symbols have 
the previous meanings. Dellinger deduces a number 
of further formule for the convenience of the designer. 
These equations imply that several common fallacies 
have to be abandoned. In the first instance induc- 
tion and radiation are not the same phenomena, and 
radiotelegraphy can hence not be taught in terms 
of transformer action. Secondly, radiation is not 
limited to high-frequency currents, though it is 
certainly favoured by them, and it is not true that 
only open circuits (of the condenser type) can radiate ; 
the latter notion is doubly faulty, since a current 
can flow only in a closed circuit. Thirdly, the 
antenna aerial and the loop aerial do not owe their 
efficiencies to the electrostatic and the electro- 
magnetic fields respectively; the two fields of a 
radiated wave cannot be separated, though there 
is an “antenna effect’’ in a loop aerial, because 
the different parts of the loop waves are at different 
potentials, and because dielectric currents cross 
between the different wires and between the wires 
and the earth. Currents are also induced in metals 
and other objects, including the ground, near the 
aerials both of transmitters and receivers, and these 
currents may seriously distort the waves. 

Tests and experimental measurements support 
Dellinger’s formule so far as they go; further 
verification is desirable. As regards practical 
conclusions to be drawn it would appear that a 
loop aerial becomes as powerful as an antenna aerial 
only when its dimensions approach that of the 
antenna. It is, however, easy to make the resistance 
of a loop smaller than that of an antenna and thus 
to increase its efficiency, while a small antenna 
can be rendered more effective by adding a condenser 
of two large plates to the aerial. Both types of 
aerials, in any case, will not in future require the 
large dimensions that were considered indispensable 
a few years ago. The advantages of loop aerials 
are greatest for short waves, and they are hence very 
suitable for aircraft communication; this applies 


(For Description, see opposite Page.) 
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both to receiving and transmitting apparatus, 
because in a loop circuit the current received is 
inversely proportional to the cube of the wave- 
length. The point is to get as much current into 
the aerial as possible. 





THE DISADVANTAGES OF DURABILITY. 
THERE are certain industries which thrive on 
fragility, lack of durability and liability to breakage 
are cardinal to their prosperity ; readers of Arnold 
Bennett will remember the play he makes in one 
book of the huge enjoyment of a pottery town 
audience, when at a theatre, crockery smashing 
was in evidence; but apart from porcelain whose 
fragility sustains an industry by replacement, large 
numbers of manufactured articles are only meant 
to enjoy a transient and brief existence. In only 
one instance can engineering products be compared 
with those articles intended for early obsolescence, 
upon which, if current report be true, certain pros- 
perous businesses are founded; this is in the case 
of spares whose cost is in many cases ominously 
high. It is not so much that the original device 
was ill-made, as that wear having taken place the 
customer is exploited because he is defenceless. 
Durability is fundamental to mechanical con- 
struction, not that it is destined for eternity, but 
that in general it is proof against easy disaster and 
enjoys a reasonable span of life. Some engineering 
products certainly do survive a long term of service, 
longer in fact than their makers ever contemplated, 
renewals and demands for spares for very ancient 
plant are within the knowledge of any old estab- 
lished firm of reputation. While such orders are a 
testimonial in themselves, they invoke rather mixed 
feelings ; had the job been less durable there would 
be prospect of entire replacement and more business. 
Point is lent to the foregoing by the evidence 
before the recent Traffic Commission, it was, then 
stated, and subsequent private inquiry confirms the 
statement, that no tram car belonging to the 
London County Council had ever been scrapped, 
they had been overhauled, repaired and periodically 
put into serviceable condition, but the whole number 
purchased were still in commission. Such a state- 








ment may invoke mingled feelings among the general 
public, since as ratepayers they may feel that their 
property is being conserved in their interests, or as 
passengers they may feel that their comfort is being 
sacrificed to parsimony; and that perhaps their 
journeys might be expedited if total renewal took 
place after a determined period. Something stronger 
might be said as to other means of transport, there 
are certain railways, for example, where archaic 
survivals are notorious. ‘Lhe term of service and 
survival permitted to public vehicles has few other 
parallels. 

In machine-shop practice, although a more 
enlightened policy is now in evidence, antiquated 
survivals are pretty numerous, instances of tools 
approaching threescore years and ten were not 
so long ago quite ordinary, and the wisdom of such 
retention is questionable. The testimony to the 
maker is undeniable, but the profit to the user is 
another story altogether. Even in a time of 
soaring prices the retention of the obsolete has little 
merit, and never more so than in a time of recon- 
struction, when business has to be re-erected and 
re-won. In the matter of machine tools the need 
is less obvious than in power plant where running 
costs receive closer scrutiny, and return on capital 
outlay is more conspicuous. The modern analysis 
of power plant is very thorough and there are many 
rival prime movers. ; 

The business of an engineer is strictly economic, 
involving as it does a nicely balanced mind which 
senses relative proportion; on the one hand it is 
possible always to renew, re-condition,{and overhaul 
existing plant; on the other, every single individual 
will agree with the abstract proposition that there is 
a time in the life of every piece of mechanism when 
it should be discarded altogether. It is false 
economy to retain the obsolete, if it is not sheer 
parsimony, for by economic test its space otherwise 
filled would result in a gain on balance, the passage 
of time alone involves replacement if there 1s any 
virtue in evolution. 

All firms who desire to be solvent have ® 
depreciation account, of which they make the most 
to the representative of the Inland Revenue, and 
severe official attitude in restraint of exuberant 
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level. Above this the ground 
is largely composed of refuse 
material incapable of bearing 
any useful load, so that it was 
necessary to drive a row of piles 
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along the top of the slope in 

; = - - ep order to carry the main and 
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ht i S| dies frontage. These piles, which 

i HT ft are shown in the cross-sections, 

i i Ee * STORE Figs. 52 and 53, were of rein- 

Sema Li? forced concrete, 12 in. by 18 in. 

CORRIDOR CORRIDOR ; in section and 45 ft. in length. 

sat The steeply sloping character of 

the ground also necessitated the 


construction of three reinforced 
concrete retaining walls at dif- 
ferent levels, as shown in the 
cross-sections ; but we defer for 
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writing down, adds to the contents of the national 
treasury. The point is, does this adjustment of 
income-tax in the form of abatement get duly 
applied to actual renewal? It is contended that 
at least the amount of such allowance should 
actually be spent in a definite policy of replacement, 
irrespective of whether or not the existing plant can 
be made to serve another term. 

There is value in the policy indicated, in the place 
of piling up @ reserve for contingency which is better 
employed in improving means of productive output. 
The assets are undeniable in either case, except that 
the interest earned by up-to-date gearsis likely 
to be much the greater. Many shops are aware of 
the precaution of renewal and pursue a definite 
programme, but there are others less well advised. 
The old proverb about the shoemaker’s wife contains 
more than a grain of truth. 

In certain cases which have a bearing on the 
subject, machines are in existence (more particu- 
larly in agriculture) where the whole of the original 
has disappeared ; every season portions are replaced 
until virtually nothing remains; the cost of such 
replacement is out of all proportion to initial value 
and illustrates one danger of easy spares facilities, 
the same can easily be true of motor vehicles, and 
a large trade in spares is valuable considering the 
prices charged. 

Again, & parsimonious spirit defeats itself ; in how 
many instances, when control has been vested in 
such an individual, has his successor to put right the 
lack, by royal spending. The first man took credit 
for economy ; the second points out that to save, 
It Is nec to spend; both can allege reason for 
their views, difference of opinion would be avoided 
by laying down a rational programme. 

Actuarial assessment on the assurance principle 
of probable expectation of life seems feasible, the 
annual depreciation account indicates as much, 
what is wanted in many cases is execution of its 
provisions by term discard and renewal. To bring 


the old servant in the form of machine-tool or plant, 
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to the sacrificial altar of the cupola perchance needs 
courage, but sentiment in such connections is out of 
place and iconoclasm in order ; careful selection of a 
modern successor has advantages easily realised upon 
due reflection. 





THE ARMSTRONG SHIPYARD. 
‘(Continued from page 437.) 

THE general offices which, as shown on the key 
plan, Fig. 1 on page 367 ante, are situated in a 
central position near the main entrance from 
Church-street, Walker, have a particularly imposing 
appearance as seen from the yard. The photograph 
reproduced in Fig. 51 on page 468 shows the struc- 
ture from this point of view, and the architects, 
Messrs. Cackett and Burns Dick, of Newcastle-on- 
Tyne, must certainly be congratulated on the effect 
obtained. Structurally the building is interesting 
on account of the fact that, in order to economise 
space, it was constructed on the embankment re- 
ferred to in our first article, so that it is six 
storeys high on the yard frontage, and only two 
storeys high on the main entrance frontage. The 
building is a reinforced concrete skeleton structure 
230 ft. in length, its width being 122 ft. at the top 
and 38 ft. at the yard level. The height of the yard 
front is 100 ft., and that of the entrance front, 
42 ft. Cross-sections of the building are reproduced 
in Figs. 52 and 53, on Plate XXVI, and on the 
same Plate XXVI two complete longitudinal sec- 
tions, Figs. 54 and 55, are also given. Fig. 56, also 
on Plate XXVI, is a longitudinal section through 
one of the reinforced concrete strong rooms, used 
for the protection of valuable drawings and docu- 
ments from theft and fire, while Figs. 57 to 60, on 
that Plate XXVI, and Figs. 61 to 63, on the 
present page, are plans of the various floors. 

Referring again to the cross-section, Fig. 52, on 
Plate XXVI, it will be seen that the boulder clay, 
which, as previously mentioned, has good bearing 
properties, extends only alittle above the first floor 


CORRIDOR 


the moment our description of 
the design and construction of 
these walls. Reinforced concrete 
is used for the walls of the build- 
ing up to the level of the third 
floor below the main floor, that is 
to the top of the time office shown 
in Fig. 52, and the same material 
is used for the walls from the top 
floor level to the parapet. The 
remaining walls are of brick- 
work, and those of the four 
large areas giving light and air 
to the central portion of the 
building, are faced with white 
glazed bricks. The main pro- 
jecting columns, which show as 
pilasters on the yard frontage, 
Fig. 51, are also of reinforced 
concrete, and these form quite a 
distinctive architectural feature 
of the building. The columns 
are hollow and contain flues 
connected to all floors, the flues 
being formed of fireclay tubes 
surrounded by breeze concrete. 
Reinforced concrete was also 
used for the construction of ai] 
floors, staircases and internal columns. ‘she latter are 
24 in. square at the yard level, and they are designed 
for a maximum load of about 200 tons. The floors 
are designed to carry 100 Ib. per squarc foot, and 
the maximum span of the main floor beams is 40 ft. 

A plan of the main floor of the building, which 
is slightly below the level of the top of the embank- 
ment, is given in Fig. 58, on PlateXXVI. Entering 
the building through the main entrance a large 
model hall measuring 70 ft. by 37 ft. is first 
reached. To the left of this is the designing office, in 
which accommodation for about 30 designers is 
provided. From the model hall a fine corridor 
with a barrel ceiling leads into a longitudinal corridor 
giving access to a number of large offices for heads 
of departments. The floor above the main floor is 
occupied by drawing offices, tracing office and 
photo-printing rooms, as shown in the plan repro- 
duced in Fig. 57. About 150 draughtsmen and 35 
tracers are normally employed. Plans of all floors 
below the main floor are given on Plate XXVI and 
the present page. The first of these, to which access 
is gained by a staircase leading from the main en- 
trance, is shown in Fig. 59; it contains 30 offices 
occupied by overseers. Dining accommodation for 
the whole staff numbering about 400, is provided on 
the next lower floor, as shown in Fig. 60. A kitchen, 
very fully equipped with cooking electric appli- 
ances installed by the Newcastle Electric Supply 
Company, is also situated on this floor, and the 
arrangements are such that about 300 luncheons 
can easily be served simultaneously. The third floor 
below the main floor, Fig. 61, contains 14 offices 
occupied by yard officials, and below this is a 
mezzanine floor arranged as shown in Fig. 62. 
The greater part of the floor space on the yard level 
is occupied by the time office and the piece-work 
office, but there are also a few offices for foremen, 
and other rooms, as will be seen from the plan, 
Fig. 63. 

On pages 470, 471 and 472, of the present issue, 
we illustrate details of the reinforced concrete 
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construction employed in the building. Fig. 64 
is a plan of the main floor showing the positions 
of all the floor beams, while Figs. 65 to 81 are 
elevations and cross-sections of the beams showing 
the arrangement of the reinforcing rods and stirrups. 
In all cases the positions of the beams illustrated 
in detail are indicated by corresponding reference 
letters on the plan. Figs. 65 and 66 are, respec- 
tively, an elevation and cross-section of a heavy 
beam carrying a corridor and a short staircase 
leading from the side entrance of the build- 
ing. The inner end of this beam is attached 
to a column extending down to the first retaining 
wall and at about 11 ft. 6 in. from the other end 
it is attached to one of the 12-in. by 18-in. piles 
above referred to. The cantilever portion thus 
formed carries the porch. The somewhat similar, 
but rather longer, beam and cantilever illustrated 
in Fig. 67, is one of those carrying the designing 
office on the left of the main entrance, while Fig. 68 
shows the reinforcement of the cantilever portion 
of the beam at the south-west corner of the building. 
Fig. 69 is an elevation of a beam carrying the 
lavatories, a corridor and the correspondence office 
in the central portion of the northern side of the 
building, and it may be mentioned that the thick 
walls projecting from the top of the illustration on 
the right-hand side are part of a small reinforced 
concrete strong room provided for the corre- 
spondence office. A cross-section of this beam is 
given in Fig. 70, while the remaining Figs., 71 to 81, 
are cross-sections of other beams and lintels, all of 
which can be identified with the aid of the floor 
plan, Fig. 64. 

The remaining figures on page 471 illustrate, 
very completely, the construction of the lowest 
retaining wall, the footings of which, as shown in 
the cross-sections of the building, Figs. 52 and 53, 
on Plate XXVI, are just below the yard level. The 
wall extends for the whole length of the building, 
and for 10 ft. beyond at each end, terminating in a 
side wall, as shown in the longitudinal section, 
plan, and cross-section, Figs. 82, 83 and 84. Only 
the northern end of the wall is shown in these 
figures, but the other end, generally speaking, is 
quite similar. For the greater part of its length 
the wall is 23 ft. in height, but the end portions are 
2 ft. higher, as shown in Fig. 82. The columns 
carrying the superstructure are built into the wall, 
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and between these, buttresses are constructed as 
shown in the plan, Fig. 83. The recess shown in 
this figure is provided to accommodate the lift well 
and staircase, and there is a similar recess in a 
corresponding position at the other end of the wall. 
A plan of the northern end of the wall, to a larger 
scale, is given in Fig. 85, and the side wall is similarly 
illustrated in Fig. 86. Elevations of three typical 
buttresses and one of the columns are given in 
Figs. 87 to 90, the arrangement of the reinforcement 
being clearly indicated in each case, while cross- 
sections are reproduced in Figs. 91 to 97. In each 
case the columns and buttresses are numbered so 
that their positions can be determined by reference 
to the plan, Fig. 83. 

In Fig. 98, on the present page, we give a vertical 
section through the side wall at the southern end, 
and in Fig. 99 is reproduced a horizontal section of 
the wall at the southern end in a position corre- 
sponding to that of column 33 and buttress A, in 
Fig. 83. Figs. 100 and 101 show the arrangement 
of the reinforcement in the footings of a column 
at the southern end of the wall corresponding to 
column 34 in Fig. 83, and details of the footings 
of other columns, the positions of which will be 
understood from the reference numbers, are given in 
Figs. 102 to 105. Fig. 106.is a plan of a slab footing 
for two buttresses in the central portion of the wall, 
while Figs. 107 and 108 are cross-sections of the 
columns at the inner corners of the lift well recess 
at the northern end of the wall. 

All the reinforced concrete work was designed by 
Messrs. L. G. Mouchel and Partners, Limited, on the 
Hennebique system, and the contractors for the 
whole of the work in the office building were Messrs. 
Stephen Easten, Limited, of Newcastle-on-Tyne. 
The architects, as previously mentioned, were Messrs. 
Cackett and Burns Dick, of Newcastle-on- e. 


(T'o be continued.) 








Cumz. Port Worxs.—Accordi to the Chilean 
newspaper La Opinion a Bill for the construction of port 
works in various parts of Chile has received the approval 
of the Chamber of Deputies. This Bill should be of 
considerable interest to British contracting 
total amount involved being 5,230,000/., and although 
it has not yet received the sanction of the Upper Chamber 
ne eae difficulty will ~ yp be em > 

the necessary funds, it is neverthe robab! 
wry 1 works may be carried into effect. . 
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THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 440) 

THE first business of the meeting on the morning 
of Friday, the 26th ult., at which the Earl of 
Durham presided, was the election of new members, 
associate members, associates and students. The 
names of 16 applicants for membership in different 
grades were read by the secretary, and these were 
unanimously elected, making a total addition of 
288 names to the membership roll during the year. 
The chairman then called on Engineer-Commander 
H. B. Tostevin to read his paper, reprinted on 
page 474, entitled :— 


EXPERIENCE AND PRACTICE IN MECHANICAL 
REpucTION GEARS IN WARSHIPS. 


The discussion on the paper was opened by 
Mr. R. J. Walker, who expressed his indebtedness 
to the author for the valuable information in the 
paper. The figures given showed the remarkable 
extent to which mechanical gearing had now been 
adopted in our war vessels, and when it was remen- 
bered that this development had taken place mostly 
during the war period, he thought especial credit 
was due to the engineering branch of the Admiralty 
for the enterprise and courage they had displayed. 
The portion of the paper dealing with the pre- 
cautions necessary to ensure satisfactory running 
was especially interesting, and the necessity for 
accurate cutting and alignment could not be too 
strongly urged. It was, he thought, desirable for 
gear-cutting machines to be examined periodically 
for errors, and it was especially necessary to check 
the upright of the machine with the table, as the 
foundations might give slightly after cutting heavy 
wheels. The particulars of gearing of warships 
given in the table were very interesting, but he 
thought it would be also interesting if particulars 
of the gearing of the Courageous class could be 
included. The question of relative fore and aft 
movement had been referred to in the paper, and, on 
this subject, he would point out that the force 


the | required to displace the intermediate shaft was very 


small. Assuming a total periodic movement of 
A, in., at 400 r.p.m., the force required was about 
one-fourteenth of the weight of the intermediate 
shaft. With regard to the most suitable materia! 
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for pinions it was suggested in the paper that chrome 
nickel steel might be employed. Reliability, the 
speaker said, was the first consideration, and the 
material must be ductile and free from brittleness. 
Some makers recommended chrome-nickel steel, 
but others were averse from it, and he thought it 
possible that this material was not quite so reliable 
for large forgings. 

Mr. J. Hamilton Gibson, who followed, said the 
paper referred in several places to the matter of 
running clearances in shafts and pinions of reduction 
gears, and the author seemed to regard them as 
necessary evils. The usual clearances varied from 
0-015 in. to 0-060 in., and the gear centres were 
therefore free to move by these amounts. This was 
not the best condition for sweet running when tooth 
clearances were reduced to fine limits. The gears 
would tend to separate in running, and though this 
might be all right for single reduction gears, it 
would be most undesirable in double reduction gears, 
especially if the three centres were allinline. With 
two pairs of gears, when one pair separated, the other 
pair would close up, and this might be one cause 
of failure in double-reduction gears. Lateral 
movement, the speaker suggested, could be prevented 
by the use of Michell bearings, which had been 
fitted to the turbine journals of a flotilla leader, 
and had been found satisfactory after 11,000 miles. 
The importance of keeping the helical angles of the 
pinion and gear wheel exactly the same was referred 
to in the paper, and this, the speaker thought, 
could be ensured by cutting both wheel and pinion 
on the same machine without resetting. Reference 
was also made to facets, left on the teeth at hard 
places, being beaten down in working. Such facets 
were, of course, very undesirable, but they could 
not be altogether avoided. The oil film on the 
teeth was of extreme tenuity, probably about 
0-001 in. in thickness, and, if the facets were higher 
than this, the oil film would be pierced and metallic 
contact would follow. On the general questions 
of gearing, he was in complete agreement with the 
author, and he wished to emphasise the importance 
of accuracy in manufacture and in alignment. 
In congratulating the author on his paper, the 
speaker expressed the wish that at least one such 
paper should be presented at every meeting of the 
Institution. 

The discussion was continued by Mr. H. Guy, 
who read his remarks rapidly from a written docu- 
ment. His first point had reference to the oil film 
between the teeth, and he asked whether such a 
film could exist which was made and broken some- 
thing like 250,000 times per minute. If such a film 
existed, he said, its temperature would be raised by 
more than 100 deg. F. by the work done on it, and 
the minimum rubbing speed for the formation of it 
would be 17 times as much as the highest speed 
given in the author’s table. We were unable to 
follow the speaker’s deductions in connection with 
tooth pressures, but his conclusion was that in any 
treatment of this subject itis necessary to assume a 
higher degree of accuracy in assembly and erection 
than is likely to be obtained in practice, so that 
permissible pressures are mainly determined by the 
accuracy of workmanship. Continuing, the speaker 
said he considered that the success which the 
Admiralty had obtained with their gears was 
largely due to skillful inspection carried out at 
all stages in the manufacture and working life of 
the gears. In support of this he referred to the 
fact that considerable hammering had been detected 
in the teeth of one of the pinions, and also between 
the end of the pinion and the end of the turbine 
shaft, of the Amarna by careful inspection, though 
the engine-room staff had reported all in order. 
The trouble was found to be due to the fact that the 
working clearance was much less than intended 
Owing to the expansion of the shaft. Careful 
Inspection, he said, would ensure the use of sound 
materials and proper erection in manufacture and 
in installation, and also proper maintenance in 
Tunning. 

Mr. C. E. Stromeyer, who followed, said the paper 
contained many points of interest, but he would 
confine himself to one or two. The formula for 
allowable tooth pressure given in the paper as 
P = constant x VD should, he thought, contain 
® length factor. He noticed that the ratio of 





length to diameter of the pinions, as determined 
from the figures in the table, was fairly constant, 
but this might be altered, and, in some cases, it 
would be possible to get very large stresses at the 
extreme end. Another point was that, in mill- 
wright work, it was well known that teeth on a fly- 
wheel broke more easily if the rim of the wheel 
were thick than if it were thin. He thought that 
makers of reduction gears were inclined to put too 
much metal in the rims of the gear wheels, and that 
it would be better to make them as thin as possible. 
The matter of pitting was referred to in the paper, 
and he enquired whether this occurred on both 
driving and driven teeth or whether it was confined 
to one. He imagined it would be confined to the 
pinion, as, on this, the rubbing action takes place 
away from the pitch line on both sides, while on 
the driven wheel the rubbing was towards the pitch 
line. At the pitch line there was a change 
of sign from positive to negative and some 
metals could withstand this reversed rubbing 
action better than others. In his fatigue tests 
he had found that mild steel resisted shear 
better than tension and compression, whereas with 
hard steel the reverse was the case, and he thought 
that by fatigue tests it would be possible to deter- 
mine which metals best resisted the reversed rubbing 
action. 

Engineer-Commander J. E. Mortimer, who fol- 
lowed, referred to the Vespasian and said that in 
this case the makers had settled the angles and other 
details of design. Mr. Hamilton Gibson, the 
speaker continued, had referred to the difficulty of 
obtaining the same helical angle for the pinion and 
wheel. This, he thought, was due to the fact that 
a machine with a tilted hob had been used, and it 
would not occur with a generating hob. There was 
a slight error in the paper where the helical angle 
of the first designs of turbine gears was given as 
20 deg.; the angle was actually 23 deg. The 
cutting of teeth in a single cut referred to in the 
paper, the speaker described as a brutal method. 
The teeth, he said, should be formed in about four 
cuts, with a very light final cut. In conclusion, the 
speaker said he would be interested to know what 
results had been obtained in the Comus in which 
very high speeds had been emvloved.}; |: | 

The next speaker, Mr. R. J. McLeod, said he would 
also like to know if the gears of the Comus had been 
found satisfactory in service. He was particularly 
interested as his firm had cut these gears. In 
considering the action of gear teeth, he thought 
rather too much importance was attached to the 
rolling motion about the pitch line. This line, he 
said, was more or less imaginary, and the rolling 
more hypothetical than real. The action of gear 
teeth was a combination of rolling and sliding, but 
the rolling had its maximum relative value at the 
pitch point and the sliding was there at a minimum. 
With regard to methods of producing gears, his firm 
used the hobbing, shaping, and end-milling pro- 
cesses, the two former for fine work and the latter 
for special bevels, triple helical wheels and very 
coarse pitches. With their process, the hob could be 
used either tilted or horizontal, though they ven- 
erally worked with the hob horizontal and used a 
left-hand and right-hand hob simultaneously. For 
gearing of the highest class he thought the shaping 
process would be employed in the future, as a better 
tooth form could be produced in that way. With 
shaped gears, two specimens of which were ex- 
hibited, the facets referred to in the paper did not 
appear. 

Mr. C. H. Wingfield, who was the last speaker in 
the discussion, said a speaker had referred to the 
question of the formation of the oil film. In this 
connection he would mention that some years ago 
he had made the experiment of filing a notch in a 
bar of iron, putting a drop of oil in the notch, and 
then breaking the bar by a blow. The oil film had 
in all cases been found to spread instantaneously 
over the broken surface of the bar. 

In his reply, Engineer-Commander Tostevin said 
that before dealing with the points raised, he wished 
to thank the various speakers for their com- 
plimentary references to the work of the engineering 
personnel of the Navy. Such praise was none too 
common and was consequently, perhaps, the more 
appreciated. With regard to the formula for tooth 








pressure, which had been referred to by several 
speakers, he wished to emphasise the fact that the 
formula by itself was not good enough. For the 
Calypso and Dauntless the constants were about the 
same, but the tooth pressures given in the table as 
1,260 lb. per inch, and 449 |b. per inch, respectively, 
were not obtained from the formula. For accuracy 
it was necessary to develop the surfaces and find 
the exact length of contact. As requested by one 
of the speakers he would add particulars of the 
Courageous class to the table, and he would also see 
that the question of an annual paper was raised in 
the right quarter. With regard to chrome nickel 
steel, there were certain difficulties, and the results 
obtained in laboratory tests could not be repro- 
duced in large pieces ; the method of heat treatment 
considerably affected the results. Mr. Hamilton 
Gibson’s remarks with reference to clearances were 
valuable, and he would consider the question of 
employing Michell bearings. With regard to the 
cutting of pinions and wheels on the same machine 
without resetting in order to ensure the same helical 
angle, this was a distinct advantage, but even when 
this was done errors sometimes creptin. In answer 
to Mr. Stromeyer’s question as to the effect of twist, 
he said the proportions were such that the twist 
was usually very small—not much more than 
0-001 in.—and it was, therefore, not very detri- 
mental. Pitting, he said, occurred in both cases off 
the pitch line, but it was more intense on the line. 
The Comus, as far as he knew, was running quite 
satisfactorily, but he thought this was not an all- 
geared vessel, the gearing being fitted only to the 
cruising turbines. In answer to Mr. Mcleod’s 
remarks on shaped gears, he said these had not yet 
been triedin service. They had a set as a stand by, 
and these certainly looked very fine, but it was, of 
course, not possible to judge them by appearance 
only. It might be interesting to mention, in con- 
clusion, that the few failures they had experienced 
had occurred after the change from a helical angle 
of 45 deg. to one of 30 deg. when there should have 
been smaller stresses and lower intensities of 
pressure. He would reply to Mr. Guy’s remarks in 
writing. 

The Chairman then asked the meeting to pass a 
hearty vote of thanks to Engineer-Commander 
Tostevin for his paper and this was carried with 
acclamation. 


Tue Batancina or RorTors. 


The next paper on the programme was that by 
Mr. J. J. King-Salter on ‘‘ The Balancing of Rotors 
and Determining the Position and Amount of the 
Balancing Weights.” It was read in slightly cur- 
tailed form by the author, but as it is printed in 
full on page 491 of this issue we can at once proceed 
to deal with the discussion. 

Professor W. E. Dalby, F.R.S., the first speaker 
on this paper, said the author had brought the 
practice of balancing a turbine rotor from a method 
of trial and error to a scientific process. The 
problem of balancing a turbine rotor, he said, re- 
sembled that of balancing a reciprocating engine of 
which the parts were completely enclosed so that 
there was no possibility of access to measure and 
weight the parts. It could only be solved by 
measuring the reactions on the frame as the author 
of the paper had done. With a rotor supported in 
two bearings, the reactions at the bearings would be 
F, = M, R, o* and F, = M, R, w*, where M and R 
were the hypothetical out-of-balance mass and its 
radius of action, respectively. Knowing F, F, and 
@ we could get the products M, R, and M, R,, 
but we then required to know the angles of the 
radii relatively to the shaft. The author had 
shown how to get over this difficulty by using 
a spider at each end of the shaft, the positions 
at which the pins were pushed in giving the angle 
at which the force acts, and from this the balance 
weights to be put in two planes of reference could 
be determined. He congratulated the author on 
the simple solution he had found to a problem which 
had long baffled engineers. He enquired what was 
the order of accuracy with which the angular mea- 
surements could be made with the spiders, and also 
the magnitude of the forces F, and F, actually 
measured from a large rotor. He would also be 
glad if the author could give a set of figures of one 
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observation, i.e., corresponding values of F,, F,, a, 
and the angles measured by the spiders. 

Mr. W. H. Martin, the next speaker, said the 
subject was of vital importance to turbine builders 
and other makers of high-speed rotary machinery, 
and he congratulated the author on the step he had 
taken to solve this veryinteresting problem. He also 
mentioned that other workers on the subject were 
endeavouring to evolve a simple, practical, in- 
expensive, and, if possible, portable apparatus for 
the same purpose. 

Mr. R. J. Quelch, who followed, said the matter 

of balancing propellers had been referred to in the 
paper, and the suggestion had been made that the 
out-of-balance should be corrected by removing 
metal from the boss. He thought there would be 
considerable difficulty in doing this, as, in the case 
of large propellers, large quantities of metal had to 
be removed and he was afraid it would not be 
possible to take this from the boss where the leverage 
was very short. The paper also referred to the 
balancing of the propeller of the Niagara, which ship, 
the speaker said, had been fitted with more than one 
propeller. He asked whether the vibration records 
were taken with the first propeller or a subsequent 
one. The propeller had been delivered to Australia 
statically balanced, and he thought it possible that 
errors had been introduced in boring out the boss. 
\ Mr. J. Hamilton Gibson, who spoke next, pointed 
out that the turbine rotors mentioned in the paper 
had been balanced cold, whereas it was generally 
considered to be of the utmost importance to run 
them hot for balancing. Rotors should be thor- 
oughly “soaked” with heat by revolving in the 
casing for five or six hours before running up to 
fullspeed. He admired the ingenious method of the 
author, but he doubted whether turbine builders 
would take the trouble to lay down the author’s 
special apparatus. It was true, as stated in the 
paper, that static balance was not necessarily 
dynamic balance, but a rotor balanced dynamically 
must be in static balance. Great care was taken to 
balance every part in detail in the shops, and the 
balance was checked from time to time as the work 
proceeded. The rotor was then balanced statically 
on knife edges and afterwards run up in the casing 
in a thoroughly “ heat soaked” condition. Dyna- 
mic balance was checked by marking the shaft at 
each end, and it was well known that the out of 
balance position was ahead of the mark. He had 
found the difference to be about 60 deg. for com- 
paratively slow speeds of from 700 to 800 r.p.m., 
and the angle was reduced as the speed increased. 
Experienced men could obtain a perfect balance with 
very little trouble, and they were usually right 
at the first trial. This method served in the majority 
of cases, and he thought it unlikely that turbine 
builders would alter their present practice. The 
paper was, however, very interesting from a scien- 
tific point of view. 

The next speaker, Mr. C. H. Wingfield, enquired 
how it was that stiffer controlling springs gave 
vibrations of larger amplitudes than weaker ones 
and which springs were referred to. He also asked 
for further explanation of the statement in the paper 
that a slight eccentricity in the setting of the two 
cylinders was immaterial. 

The last speaker was Mr. C. E. Stromeyer, who 
said that there were two points to be considered. 
The rotor tried to revolve around a free axis, and it 
also exerted a centrifugal force. The author’s 
treatment was very ingenious, but, for practical 
purposes, it was better not to allow the free axis to 
enterinto the problem. The bearings, he said, should 
be practically fixed, and he thought sufficient move- 
ment would be obtained if they were held by short 
springs ; it was possible that springs could be 
dispensed with entirely. 

Mr. King-Salter then raplied to the discussion. 
Dealing first with Professor Dalby’s request for 
figures, he said these figures had been given in an 
appendix to the paper, but this had to be omitted; 
he would be pleased to give them to Professor 
Dalby. Inanswer to Mr. Quelch he explained that 
it was only a suggestion to remove the metal from 
the boss, and, if this could not be done, they would 
have to fall back on the blades. The propellers 
they handled in Australia, did not usually exceed 
about 4 tons in weight, and, in the case of one weigh- 











ing 2 tons, they had removed 50 or 60 lb. of metal 
from two blades when the position indicated by 
experiment fell between them. Mr. Hamilton 
Gibson’s remarks on balancing turbine rotors were 
very interesting, but he (the speaker) was a naval 
architect and not a mechanical engineer, and he had 
taken up the matter in connection with the balanc- 
ing of propellers; his staff saw that the method 
evolved was also applicable to the balancing of 
turbine rotors. At Cockatoo Island they did not 
balance rotors statically at all. They were first 
put into the balancing machine and then heated in 
the casing, and, if any vibration occurred in running, 
they were put back into the balancing machine. 
His staff claimed that this was the most satisfactory 
method. In reply to Mr. Wingfield he said it was 
correct that the stiffer springs gave larger amplitudes 
and this was not unexpected. With regard to the 
eccentricity between the cylinders, what they wished 
to know was which pin was pushed farthest out. 
Any eccentricity between the cylinders caused all 
the pins to be pushed out equally, but the effect of 
vibration was to push out some more than others. 
Mr. Stromeyer’s suggestions, he said, were new to 
him, but they were very interesting. In con- 
clusion, he thanked the meeting for the reception 
given to his paper. 

The Chairman, after proposing a vote of thanks 
to Mr. King-Salter, called on Professor T. H. 
Havelock, F.R.S., to read his paper on 


TURBULENT Fivip§j Motion anp Sxiw Friction. 


Owing to the lateness of the hour Professor 
Havelock read only the introduction, and a very 
brief summary of his paper, which we shall print 
in full in a subsequent issue. 

The payer includes anexamination of experimental 
results with a view to defining, or estimating, the 
apparent velocity of slip of a fluid in turbulent 
motion past a solid ; the expression of the frictional 
force per unit area at any point of a plane surface 
in the form « p *, where v is the relative velocity 
at the point; the determination of the value of «x 
from experimental results ; the calculation of the 
total frictional resistance in the case of a plank for 
which the distribution of velocity is known; re- 
marks on the distribution of velocity for a long 
plank ; calculations to illustrate the assumptions 
involved in applying a similar method to curved 
surfaces; connection with the law of similarity; 
the effects of the ratio of breadth to length in the 
case of planks; remarks on the extension to long 
planks and high velocities ; and the general problem 
of ship resistance. 

Mr. G. 8. Baker, who was the first speaker on this 
paper, referred to the question of slip at the surface 
of a pipe. In Dr. H. Levy’s paper at the Royal 
Aeronautical Society, on turbulent flow, it was 
assumed that there was no slip, and that the law of 
laminar flow held up to the boundary, whereas Pro- 
fessor Havelock had assumed a velocity at the surface 
of the wall. The latter course saved trouble, but it 
remained to be seen which assumption was correct. 
With regard to the comparisons of experiments 
in air and water, he said that, in all experiments in 
air so far, the flow was completely turbulent, and 
the results obtained bore no resemblance to those 


obtained in water at equal values of u since 
in water the flow was completely viscous. The 


R ‘ 
actual value of ve obtained depended upon the 


; R 
amount of care taken, but in water they got ve 


as much as 50 per cent. less than in air, the reason 
being that, in water, the flow was laminar while 
in airit was turbulent. With regard to experiments 
in water on bodies of mathematical forms they had 
intended to make such experiments at the National 
Tank as far back as 1913. The necessary apparatus 
had been delivered after the outbreak of the war, in 
which Mr. Miller, who was to carry out the ex- 
periments, had been killed. They had no one to 
replace him and the gear was still waiting. 
Professor W. E. Dalby, who followed, said that 
Mr. Baker had touched upon the difficulty in con- 
nection with the flow of fluid near a solid surface. 
If magnified to molecular dimensions, he said, a 
section through the surface would resemble a 
section through the Alps. Some of the fluid must 


be entrapped between the interstices, thus forming 


a fixed layer close to the wall. The conditions, he 
said, were somewhat similar in the firebox of a 
locomotive, where the gas molecules caught in the 
** valleys” in the plate, on the fire side, had the 
effect of preventing the plate from melting, although 
the temperature of the fire was several thousand 
degrees. 

The only other speaker on the paper was Lieut.- 
Col. C. Tennyson, who said that the problem of 
ship resistance had been more or less solved many 
years ago by Froude, and that little had been done 
since then in this very important matter. Twenty 
years ago, at the Naval Architect’s Congress at the 
Paris Exhibition, the speaker had pointed out the 
need for experiments to be made on bodies of 
mathematical form so as to have the matter placed 
upon a scientific basis. He was glad to hear that 
in England, the home of shipbuilding and scientific 
research, a beginning had been made, and Professor 
Havelock was to be congratulated for having 
brought the matter forward. In conclusion, he 
said that the problem should not be dealt with 
indirectly; if an exact and mathematically precise 
theory could be evolved very great results would be 
achieved, 

The Chairman, in proposing a vote of thanks to 
Professor Havelock, for his paper, referred to the 
inconvenient time at which it had been necessary 
for him to read it. The vote of thanks was carried 
with acclamation, and the author, in replying, 
thanked the meeting for the manner in which his 
paper had been received. Owing to lack of time 
he referred only to the question of surface velocity 
raised by Mr. Baker and Professor Dalby. He 
had hoped that he had made this point clear by 
saying that the velocity at the actual surface of 
the wall was zero. By the slip at the wall, he 
meant the mean velocity in a thin layer near the 
wall, and in the paper he had shown what the 
magnitude of this thin layer was. 

The Chairman said that this concluded the 
business of the session and he proposed a vote of 
thanks to the Royal Society of Arts for the use of 
their lecture hall. Mr. W. H. Whiting proposed a 
vote of thanks to the Earl of Durham for presiding 
at the meetings, and also for his able guidance of the 
affairs of the Institution during the year. After 
a few words in reply by the Chairman, the meeting 
terminated. 





EXPERIENCE AND PRACTICE IN MECHANI- 
CAL REDUCTION GEARS IN WARSHIPS.* 


By Engineer-Commander H. B. Tosteviy, 
D.S.0., R.N. 


THE most important change in the steam machinery 
of warships of high speed and power during the war 
period was the departure from the direct-drive turbine 
installation to that in which the power of the turbines 
was transmitted to the rer shaft through mechanical 
reduction gearing, and it is the object of the present 
paper to trace briefly this development and indicate the 
experience that has been gained and also the general 
practice of the Admiralty as regards the details of these 
ee. Before the actual adoption Sounwe it had long 

m recognised that some form of uction device was 
necessary in order that the turbines and propellers 
should run at speeds which secure their best efficiencies, 
and all designs with the direct drive installations had 
been of the nature of a compromise in which the maximum 
efficiencies of both turbines and propellers had been 
sacrificed in order to obtain the best overall results to 
meet the nature of the particular case. There were three 
aes methods of obtaining this reduction, viz., 

ydraulic, electrical, and mechanical, each possessing 
its peculiar merits, and in the early history it is note- 
worthy that the first two were more seriously considered 
than the third, as they did not at the time offer such 
difficulties in the way of manufacture and reliable trans- 
mission of high power. At the present stage in British 
naval practice the first two methods have not been tried, 
at least in connection with high power steam machinery. 

Whatever method is adopted a loss must occur between 
the turbines and the propeller shaft from various causes, 
which need not be gone into here. Experiments have 
shown that with the best design of the respective devices, 
the losses in transmission may be approximately taken 
as: hydraulic, 10 per cent.; electrical, 8 per cent. ; 
mechanical gearing, 14 per cent. If double reduction 
gear were fitted the loss with mechanical gear whould be 
about 3 per cent. : 

The superior efficiency of the mechanical method has 
been an re factor in reaching a decision as to the 
type of uction device to be adopted for naval use, 
and when it is combined with considerations of simplicity 
and reliability and the very small cost of upkeep, the 








* Paper read before the Institution of Naval Architects, 
March 26, 1920. 
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476 ENGINEERING. [APRIL 9, 11920. 
TABLE I.—SHOWING , PARTICULARS OF GEARING IN TYPICAL VESSELS. 
Battl Flotilla Leader 
Guta Light Cruisers. To~pedo-boat Destroyers. (Geared Cruisers). 
a “ K” “p” = — 
1 Boat. Boat. Nimrod. 
Hood. Dane. | Dauntiless.| Calypso Seafire. Romola. Trinidad. Leonidas. 
H.P.C. LP.C. 
Seanien fELP. 17,500 8,600 10,000 8,000 6,250 6,250 6,250 5,150 2,250 875 1,250 3,580 
po - « TEP, 18,500 11,400 10,000 12;000 7,250 7,250 7,250 6,100 2°750 875 _— = 
ir er 2568 1,800 2662 2; 985 2,970 3,000 3,340 3,300 3,500 2,380 2,850 
Revolutions per minute L..- «o-»+| 1008 1,403 1,800 1,435 2262 2;270 2,290 1,815 3,000 3,500 ane a 
Propeller shaft 210 275 275 340 350 350 350 380 380 300 34 483 
(H.P. pinion ..| 20-174 | 11-755 | 15-319 | 10-728 | 10-0604 | 10-1283 10-101 9-603 6°7526 | 4-60 6-018 8-111 
Piteh circle diameter, in 4 L.P. pinion 27-51 21-514 | 15-319 | 19-886 | 13-2880 | 13-2447 13-2176 17-648 7°5316 | 4-60 a_i fs 
inches || Gear-wheel 143-787 | 109-789 | 99-897 | 88-991 | 85-9114 | 85-961 85-988 84-348 | 58-9552 | 53-862 | 41-864 48-405 
Addendum of teeth,inches fs 0-266 0-1855 | 0-1855| 0-12 0-12 0-12 {0-0484 ween} 0-1855 | 0-12 0-168 0-1855 | 0+1855 
H.P. pinion .. 55 53 71 41 47 39 39 87 26 24 23 31 
Number of teeth LP. pinion |: 75 97 71 76 62 51 51 68 29 24 =a ane 
Gear-wheel |.| 392 495 463 321 401 331 332 825 227 281 160 185 
Normal .. | 099847 | 0-583 0-583 0-583 0-583 0-583 0-583 0-583 0-583 0-5196 | 0-583 0-583 
Pitch, in inches Circular .. | 1°158819 | 0-69679 | 0-67783 | 0-8220 0-6730 | 0-815875 0-8156 0-8153 | 0-8158| 0-600 0-822 0-822 
Axial .. | 2-002 1-06 1-4285 | 0-8275 1-16 835 836 0-834 0-835 1-04 0-822 0-822 
Helical angle -. owe ne | 20° 57” | 83° 12-4’ | 30° 40-3’| 44° 49-8" | 29° 58-0’ | 44° 23-67 ° 25’ 44°29’ | 44° 23-6’ | 30° 44° 49-8’ | 44° 49-8” 
Tooth angle Normal .. | 14° 28-7" | 14° 29-5’ | 14°29-5’ | 14° 29-5’ | 14° 20-5’ | 14° 29-5 14° 29-5’ 14° 29-7’ | 14° 29-5’ | 17° 30’ | 14° 29-5" | 14° 29-5" 
** 4 Circular .. | 16° 36° =| 17°12’ -| 16° 44’ 20° 2-5’ | 16° 37-5’ | 19° 57’ 19° 55’ 9° 56° =| 19°57 | 20° 20° 6 20° 6 
Width of pinion face, in {Total .. ‘a 75 53 60 54 40 40 40 29 28 21 24 35 
inches Effective :.| 73-25 51-25 58-25 52-6 38-25 39-5 38-6 27-6 26-9 20-5 24 35 
Number of teethengaging .. ne a 36-60 48°3 51-7 63-5 33-0 46°7 46 °2 33.1 32-2 19°71 29-2 42-6 
Length of tooth contact, in inches, { H.P. 3-525 2-125 2-38 0-94 1-58 0-97 1-21 1-46 0-9625| 1-79 1-337 1-39 
a Hp| ise | 108-3” | 0 | sor | see | 45-3" 55-0 aa | sto | 33-30 | 3008 | 50. 
-P.| 128-8 103-3 123-0 59°7 52-2 45-3 . . . . “2 
Lining MRL sees liars {ate Lakes lace Seams | alien: | dees Lame | Gee’ | mam? cams 
.P.| 73, f 45,700 | 35,200 | 26,200 | 26,200 . " 2, ’ r ’ 
Tangential load, in Ib. . . ee {ip 77,200 47,500 45,700 53,000 30,500 30,500 30,500 24,040 15,400 6,840 ee 
Seimshteniti-to th {EP 87,000 44,400 55,000 51,500 | 31,300 38,000 38,100 29,350 18,400 8,300 16,150 28,600 
eee ** ** 1 EP. | 92/600 700 55,000 7,500 | 36,300 44,000 44,100 34,800 | 22,300 8,300 = -_ 
Load in Ib. per inch, tooth length of f H.P. 675 430 449 871 600 838 1 606 594 234 413 483 
contact LP. 697 556 449 1,260 695 970 790 697 720 234 — ames 
Load, per inch, on total width of tooth / H.P. 965 677-5 762 650 655 655 655 701 453 325 458 557 
face in Ib. (= P) LP. 1,030 806-0 762 980 760 760 760 830 550 $25 =“ = 
P. 215 197-5 195 198 206 207 
K in formula P = K VP.C.D. -f L.P. 196 193-0 195 220 208 207 198 200 152 ins rae 
Speed of teeth at pitch lineinfs. .... 132 132 120 +4 124-8 131 131 140 97-6 70-0 62-5 101 
ximum rubbing velocity of teeth { HP. 11:5 14:6 10°5 8-5 115 8-9 9-5 11-0 15-5 12-1 14:5 
in £8. LP. 9-5 3233 10-5 4:9 72 6-2 38-9 1-0 15:5 a = 
-P.| 3,040 530 3,540 5,850 4,150 5,680 . ’ , »7 
Stress at root, in Ib. per sq. in. { L.P.| 3,140 4,580 3,540 8,500 4,820 6,680 5,720 4,850 1,900 — wes 

















destroyers, the Leonidas and Lucifer, of 22,500 h.p., for 
the whole power to be transmitted through two sets of 
gearing. The general arrangement as re the 
component of an all-geared set adopted in these 
vessels has adhered to in naval practice to the 
present day, viz., each set of ones is driven by two 
pinions, driven respectively by the high-pressure and low- 
pressure turbine. In some installations an additional 
turbine for cruising has been fitted on an extension of 
the high-pressure spindle. 

On completion of the Leonidas in 1914 exhaustive 
trials were carried out, and the results obtained as regards 
the efficiency of the machinery installation at all powers 
were very satisfactory and superior to any that had been 
obtained with direct drive units. Both vessels were 
hurriedly put into commission in August, 1914, when 
experience with the running of high-powered gears was 
practically nil, The installations received a very severe 
test on service, as both boats were in commission right 
through the war, for the first two years being attached 
to the hard-worked Harwich force. Their successful 
a volumes for the manner in which several 
recogni difficulties connected with the application of 
mechanical reduction for high powers had been so 
quiekly recognised and overcome. 

Before the completion of the Leonidas and Lucifer, 
two light cruisers of 40,000 h.p., viz., Calliope and 
Champion, were arranged to have all-geared units, but 
the former vessel was fitted with four shafts, and the 
latter with two, so it is seen that in the course of three 
years from the adoption of reduction gearing, and in the 
third order of warship so fitted, a figure of 20,000 h.p. 
through one set of fearing was reached. This installa- 
tion ran satisfactorily on service, and as a result it was 
recognised that mechanical gears were suitable for the 
higher power required on a single propeller shaft. 

he all-geared installations were not at once universally 
adopted for the vessels ordered on the earlier war pro- 
grammes, the policy in the emergency of adhering to the 
direct drive type of turbine, which for several years had 
proved its efficiency and reliability, being followed for 
some time. The subject of gearing was, however, by no 
means ignored, and all warships caleed were fitted with 
cruising turbines, which were to the direct-drive 
units, Clutches were arran; to diseng these gears 
when running at high powers, although ‘this procedure 
was not absolutely necessary. A marked gain in economy 
within the limits of power of the cruising turbines, and a 
consequent increase in the radixs of action was obtained. 
It should also be understood thet at this time the number 
of special ‘“ hobbing"’ machines required for cutting the 
teeth of these was very limited, and it would not 
have been possible at the time to have fitted all the war 
vessels ordered with the all-geared type of installations. 
By 1916, however, it was considered that sufficient 
progress had been made to warrant the complete ch 
over, and in practically all fast warships, viz., batt 
cruisers (a number of which were’ subsequently not 
with) designed to transmit 36,000 h.p. through 
each set of gearing, light cruisers, flotilla leaders, venped . 
boat destroyers, “‘ K *’ Class submarines, and “‘ P”’ boats, 
the all-geared installation was adopted. Only in the 
case of a few special destroyers was the direct drive 


number of all-geared sets fitted 


























warships :— 
wi 
oo ad ‘ 
- s Re Es 
Type of Vessel, | sHP.|S3| 22 | 2s 
EES me 3s 
4 et + £ 
Battle cruiser --| 144,000 4 36,000 4 144,000 
Light cruisers --| 40,000 |2or4) 10,000 90 | 1,760,000 
to to 
,000 20.000 
Flotilla leaders --| 40,000 | 2 20,000 | 26 520,000 
Torpedo-boat des- 27,000 2 13,500 | 368 | 5,000,000 
troyers to to 
30,000 15,000 
“K”™ Class sub- 10,000 2 5,000 36 180,000 
mar 
“7 at “PS.” 3,500 2 1,750 | 128 224,000 
boats. 
Totals _ _ — 652 | 7,828,000 





Of this number 596 gears are, or have been, on service, 
representing 6,794,000 shaft horse-power. The 36,000 
shaft horse-power sets have not yet been on service, 
but have run at approximately full power for a short 
period. In addition there are a large number of sets of 
gears fitted in conjunction with cruising turbines, or as 
part installations, but as these gears, owing to the 
exigencies of war and other conditions, have not been 
used to their full extent, they are not included in the list. 
The arrangements of turbines and gearing in typical 
vessels are shown on pages 475 and 477. 

In straight-cut gears the small number of teeth in 
contact, viz., one or two, imposes a limit to the speed 
at which high powers can be smoothly or safely trans- 
mitted, and for transmitting high power, helical gear, 
i.e., toothed wheels in which the teeth are inclined to 
the axes of the wheels, is — ge ome & All the gearing 
now in use in warships is of the double helical type, 
a right and left-hand helix being used to balance the axial 
thrust entailed. The involute tooth form is invariably 
used, as it possesses essential advantages over other 
forms, the most important of which are: (1) The teeth 
can be generated automatically in a machine by astraight- 
sided cutting tool, which can be made and ground very 
accurately. (2) A variation in distance between the 
centres of pinion and wheel (and such variations occur 
in marine practice owing to the necessity for ample 
clearance in the high-speed bearings, and also peiainly 
with misali ent and wear of bearings) does not affect 
the velocity ratio of the wheel and pinion or the smooth 
working of the teeth. 

In the early days of turbine gearing there was not much 
experience available bearing on helical gearing for 
comparatively high powers, and in the first designs the 
gears were arranged with a helical angle of 20 deg. in 
conjunction with a pitch normal to the line of the teeth 
of jin. is design was rather noisy, and in consequence 
the angle in succeeding designs was increased to about 
45 deg., which value was known to have proved satis- 
factory in De Laval installations of small power. The 
45-deg. design was continued until recently with generally 





to. 
The following table shows the total horse-power and 


satisfactory results, but in the meantime, with the 





improvements in gear-cutting processes, it had gradually 
been established that the noise and tremor experienced 
in the early installations was more due to irregularities 
in cutting than to the small helical angle itself. An 
angle of 30 deg., which possesses advantages in the way 
of efficiency and tooth strength, in that the 
contact between the teeth is increased as compared with 
45 deg., while the normal load on the teeth is decreased, 
has now been generally adopted by the Admiralty. 
This angle is rarely an exact number of degrees, as it 
is affected by the driving and change-wheel mechanism 
of the hobbing machine, but is as near the desired angle 
as these details allow. Fig. 16, page 482, shows a set of 
gear wheels and pinions cut to an angle of 32 deg. 

The angle of obliquity used is | deg., in agreement 
with the almost universal commercial standard developed 
for spur gearing with involute teeth. There is no 
particular virtue in this angle within limits, and the odd 
4 deg., it is understood, was decided by the fact that 
sine 144 deg. being 0-250, calculations were simplified. 

Fine-pitched gears give more silent running at high 
speeds, and a normal — of J, in. has been adopted 
for all but the very largest installations. While the 
pitch and obliquity have remained the same, the pro- 
portion between addendum, dedendum and pitch 
respectively and the shape of the root and tip have been 
changed from time to time as experience of the successive 
designs was gained. Fig. 9, page 478, illustrates stages 
of the transition, it being noted that the form of cutting 
tool is shown, and that while the height and normal pitch 
of the actual tooth generated will be the same as for the 
hob, the thickness and contour of the teeth will depend 
upon the pitch circle diameter and upon the hob design. 
The earliest design of hob (which is not shown) produced 
a form which gave at the base of tooth only a small 
radius, and it was at a very early stage modified to provide 
a more pronounced radius at the tooth root. In the design 
in Figs. 98 and 9c the rounding of the tips of the teeth 
was introduced to overcome the ‘digging in,” and 
excessive wear of the tips which had been observed in 
some designs, probably due to the failure of the oil film 
on the surface at this position. 

The question of the lubrication of the teeth is very 
important, and while running, an ample amount of oil, 
which is generally injected from nozzles on to the line 
of contact of the teeth, is necessary. Itis usual to arrange 
}-in. to }-in. nozzles of about 5 in. pitch, discharging the 
oi] under a pressure of from 5 Ib. to 10 Ib., the jet being 
fan-shaped, so that the whole length of the teeth is 
lubricated. In early practice nozzles were fitted to 
discharge to the line of contact both on the entering 
side when running ahead and also when running astern, 
but the latter groups are not now fitted, as experience 
shows they are not require@, considering the short periods 
of astern working usual in naval vessels. 

Figs. 11 and 12, page 478, show a type of sprayer 
fitted. together with its arrangement on the gear-case. — 

The teeth of gearing engage by line contact, but it 
must be appreciated that contact under a load can no 
more occur on a line than the load on a ball bearing can 
occur on a number of geometrical points. Elastic 
deformation of the surfaces must take place under the 
load, and the momentary flattening leads in each case 
to a surface contact. Owing to the lubrication, however, 
the load that can be safely sustained between two sliding 
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wheel machines on! four, and on the pinion machines 


‘ ” 


ly 
six firms, use “‘creep.’”’ As regards the tendency of 
the worm wheel to wear out of truth, inquiry has shown 
that in a number of machines that have been working 
constantly for at least three years the accuracy has not 
been affected. 

Experience indicates that extreme accuracy of tooth- 
cutting and the maintenance of acourate alignment are 
necessary to the successful operation of any mechanical 
reduction gear. In all naval work the turbine spindles, 
pinions and gear wheels are supported on rigid bearings, 
and the alignment is determined by accurate machine 
work in boring the gear housings and fitting the bearings. 
No gears of the floating frame type, in which the pinions 
and hearings are mounted in a frame supported on a 
flexible I-beam, which automatically maintains its 
correct position after being accurately aligned in the first 
place, have been fitted, and judging from the general 
experience obtained over a number of years it appears 
that any advantage likely to accrue from the adoption 
of such a system would be outweighed by its dis- 
advantages. ‘The important feature that must be borne 
in mind is that in all calculations of tooth stress and 
dimensions of the surfaces required between the poem | 
faces of the teeth, the design and construction shoul 
be such that the total tooth pressure is uniformly dis- 
tributed over the whole width of the tooth face, but 
various conditions arise in practice which tend to upset 
this working. Misalignment is one cause, and it 
emphasises the special care necessary in this particular. 
In some designs the turbines and gear-cases were carried 
on separate supports built up from the hull structure. 
The turbines and gear-cases as separate units are of stiff 
construction, and under working conditions do not 
suffer distortion. The possibility of relative motion 
between the turbines and gear-case existed, and —_ 
nearly all vessels so constructed experienced no troubles 
with the gearing, yet in two torpedo-boat destroyers 
the gear became very noisy, and wear took place on the 
teeth. Although no acutal breakdown occurred, the 
defects were objectionable, and the gears were removed 
for dressing up. When the alignment was again tested 
it was conclusively proved that relative displacement 
of the gear-case and turbines had actually en place. 
In later designs this movement is not possible, as the 
after-ends of the turbines are now supported on stiff 
extensions of the gear-case, the whole installation forming 
arigid unit. ‘This is illustrated in Fig. 15, page 482. 

Owing to the action between the teeth when trans- 
mitting power, the pinion and wheel tend to increase 
their distance between centres. This, as pointed out, 
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Figil SPRAYER FOR LUBRICATING GEARING TEETH: 




















does not affect the smooth or regular action of involute 
teeth, but the line of centres through turbine and pinion 
should be free to remain parallel with the axis of the 
wheel, and the clearances in all the bearings should permit 
of this, otherwise misalignment will take place. Another 
cause that arises is that due to the deflection of the 
pinions and wheel, which in each case is of a double 
nature, viz., that due to the twist and that due to the 
bending. These points should not be overlooked in 
any design, but with the proportions brought about by 
other considerations, these deflections are not such as 


300 400 500 600 
Load per Inch, Width of Tooth 
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gear. Apart from the above causes it has been observed in 
many gears that the load has not been distributed over 
the whole length of the teeth, an undesirable concentra- 
tion of pressure having taken place on a portion of the 
po as This does not appear to be due to distortion 
under the twisting moment, as it has been observed at 
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either of the ends of the pinion elements, and it has been 
attributed rather to an error in facture, the helical 
angle of the pinion element being slightly different from 
that of the gear wheel. It is necessary that particular 
attention should be paid to this important ned right 
through the construction of , as many makers appear 
to be satisfied to assume that as this helical angle is a 
function of the machine m ism, the angle will 

ily be correct, or at least within a microscopic 
difference. Unfortunately, in some cases, this has been 








found to be far from true, especially in the case of pinions, 


materially to affect the working of a correctly constructed | 
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Jand it points to some torsional movement of the job 


during the cut. This may occur through strain of the 
driving mechanism when taking a heavy cut, or a slight 
slow slip of the pinion in the chuck of the machine. 
It appears better that nothing should be left to chance, 
and that the angle should be tested after the gear is cut 
and before the work is removed from the machine, either 
by again running the hob through it so as just to touch 
the surface, or by a separate checking arrangement. 

It is also to be noticed that even with an accurat< 
helical angle of the components of a gear and correct 
alignment, perfect contact is not necessarily obtained, 
as owing to the hob receiving a certain feed for each 
revolution of the wheel or pinion being cut, the working 
face of the tooth is more in the nature of a number of 
facets than a fair curve, This is accentuated when the 
teeth are shaped ina single operation, as favoured by 
the majority of gear-cutters, and the faces are often 
observed to have @ torn or scored ap ce in the 
direction of the cut. It is a question, therefore, both 
from the point of view of correcting small errors in 
helical angle and the formation of fairer surfaces, whether 
a slight finishing cut should be taken and then the hob 
run through again in a different relative position to that 
in which the main cut was taken so as to remove the high 
points between the facets and to smooth the surfaces 
that have been torn, due to the hardness of the material 
when taking the primary cut. 

The speed of the teeth has an effect on the running 
and durability of the gear, owing to the intensity of 
shock on them. With the modern methods of cutting 
and manufacture, and with forged materials, the limits 
formerly used with spur gearing have been much exceeded, 
and there is ample experience to prove that satisfactory 
working can be obtained with speeds of 140 ft.-sec., 
and there seems no reason to assume that this speed 
could not be sensibly exceeded. The effect of the rise of 
temperature on the teeth, due to the rubbing contact 
when off the pitch line, has not appeared to be sufficient 
to affect the working in a well-lubrieated gear. In 
general, a gearing ratio of 8 or 9 to 1 is not exceeded 
in naval practice of moderate and high power. 

Typical gear ratios from naval practice are given in the 
table below. 

In the design of a reduction gear the question of 
relative axial movement between the pinion and the 
gear wheel is of importance. This movement takes place 
due to the necessity of the pinion requiring to adapt 
itself so that the load on each element should be the same. 
This movement is not difficult to cater for in a single 
reduction, as the gear wheel being fixed by the thrust 


SECTION THROUGH A GEAR CASE FOR A 
TORPEDO BOAT DESTROYER 
SHOWING RELATIVE POSITIONS OF PINIONS & WHEEL, 


























Ratio of Turbine 
8.H.P. per Pinion. Revolutions to Pro- 
pellet Revolutions. * 
Type. 

H.P. L.P. H.P. L.P. 
Battle cruiser ..| 17,500 18,500 71 5-2 
Light cruiser .. 8,500 11,500 9-3 5-1 
Flotilla leader .. 9,000 11,000 8-3 5-0 

Torpedo - boat 
destroyer 6,250 7,250 8-5 6°5 
“K”™ boat 2,250 2,250 8-7 77 
“P” boat 875 875 11-6 11°6 











block, it is only necessary to provide an expansion 
coupling between pinion and turbine spindle, and allow 
clearance between the ends of the pinion elements and the 
adjacent bearings. The problem is, however, more 
difficult in the case of certain designs of double-reduction 
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gear, as relative movement is required between the shaft 
gear wheel and the intermediate reduction element, and 
also between the latter and the pinion. The inter- 
mediate reduction wheel being a heavy fitting, for it 
carries four working faces, two of fairly large diameter 
and two small, possesses pti Se A more inertia 
than a pinion, and in the event of perce such a gear in 
warships this aspect of the problem would require careful 
consideration. 

To avoid the same teeth of pinion and gear wheel 
coming in contact revolution after revolution, and also 
to ensure uniform wear, it is usual to fix the gearing ratio 
so that it is not only not a whole number, but the number 
of teeth in the wheel and pinion have no factor in common. 
This is seen in Table I. 

In addition to the two cases of trouble with gearing 
previously referred to, there have been a few cases of 
failure due to the fracture of pinion teeth at their ends. 
this is the weakest part of the teeth, as no support is 
given on one side of the portion receiving the pressure. 
Chamfering off of the ends of the pinion teeth, as shown 
in Fig. 13 on this page, prevents the load coming on the 
extremity. Fracture of these teeth might be expected 
with an error in the helical angle of the components, 
leading to an excessive intensity of pressure at one end 
of an element, but cases have occurred where a fracture 
has taken place, and yet an examination of the gears has 
shown the pressure to be uniformly distributed along the 
length of the tooth. Seeing that under these conditions 
the tooth stress is low, other reasons have been sought 
for these failures. Of the six cases, four occurred 
during the contractors’ trials, one occurred after two 
and a half months, and the other after seven months’ 
service. In neither of the latter two cases has the 
defective gear been removed from the vessel, and they are 
still running with the broken teeth having been trimmed 


Fig.13 CHAMFERING OF PINION TEETH. 
& THINNED. 
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off and the gears dressed up. Defective material has been 
indicated as the probable cause of this defect, but 
although careful analysis has been made, in no cases 
have the results indicated anything seriously wrong 
with the metal, although it has been noted in one or two 
cases that the structure has not been the best possible. 
It should be noted that before the vessel has been 
accepted by the Admiralty the teeth of the high-pressure 
pinion in a destroyer have received their full load about 
1,000,000 times, and in the case of a light cruiser about 
600,000 times, and the causes of failure referred to may, 
in the absence of any other reasonable cause, be attributed 
to a fatigue at @ flaw developed in the alloy during its 
manufacture. 

The type of steel used for pinions must possess several 
essential qualities, viz., (a) strength to resist permanent 
deformation under stress ; (b) stiffness, to avoid undue 
whip or elastic deformation when running; (c) surface 
hardness to prevent wear; (d) non-brittleness, so that 
it can stand shocks and blows. In addition, there is the 
important fact that the teeth have to be cut after 
tempering the material, as otherwise distortion of the 
teeth would arise. The specifications governing the 
materials for gear forgings for naval service and their 
treatment are given in the appendix. 

lt appears that finality in respect to the most suitable 
material for Pinions has not m reached, and it is 
possible in future that the use of a chrome-nickel steel 
with a low percentage of chromium, say, from 0-3 per 
cent. to 0-5 per cent., will receive consideration for 
these details in place of the nickel steel now employed. 
It is known that the effect of very slight variations in 
the percentage of the constituents, variations that may 
Cccur in different parts of the forging under the best 








conditiops, are sufficient to completely upset the antici- 
pated results of the heat treatment, but judging 
generally from experience with service gears there does 
not seem any pressing reason to depart from present 
practice. 

Before a vessel is accepted by the Admiralty the 
are opened up after the f 
surfaces, and especially theroots and ends of the 
teeth, scrupulously examined with a powerful magnify- 
ing glass to ascertain whether there are any flaws or 
signs of cracking present that may lead to subsequent 
fatigue failures. 

During the early running of gears on service there is 
often observed on the faces of the teeth an action known 
as pitting. Small flakes of metal are detached from the 
otherwise smooth surface of the teeth, leaving small 
hollow depressions, varying in size from a le speck 
to as large as } in. diameter, and 15 thousandths to 
30 thousandths of aninch deep. They are most common 
in the Be 7 of the pitch line, where only rolling action 
occurs. It is difficult to account entirely for this pitting. 


_ TYPES OF GEAR WHEELS. 
Fig.44, SOLID WHEEL TYPE. 
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A lack of homogeneity in the material at the tooth surface 
(and careful analysis by micro-photography does reveal 
this), or crushing of minute high spots causing failure of 
small sections of the metal at these high spots are possible 
reasons for this pitting. This action in the vicinity of 
the pitch line may possibly be due to the metallic contact 
recurring there as a result of the failure of the oil film, 
observing that the rubbing velocity of the teeth is 
gradually reduced from a maximum at the tips and 
root to zero at the pitch line. In any case the action is 
not found to be delelerious to the smooth and efficient 
working, and it usually ceases after a short time. 
Deformation leading to scoring and wear of the teeth 
is a serious, but fortunately rare, fault in naval gears, 
and the only cases on service in which such wear has taken 
place were those previously referred to as having suffered 
from misalignment and in the case of a “P”’ boat 
referred to laser. It has, however, taken place during 
the contractors’ trials of at least two ships, involvin 

removal with either re-cutting to a modified form o 

tooth, necessitated by the wear, or the substitution of 

gear. The working is seriously prejudiced b 

such wear, as, apart from the reduction of life involv 

it is accompanied by excessive noise and heavy ‘shiver- 
ing’’ of the gear, which transmits its effects to the 
turbines and subsidiary fittings, causing failure of lubri- 
cating pipes, &c. Once deformation is present, or sets 
in, the whole face of the tooth is affected, even at the 
pitch line, where the contact is more of a rolling nature, 
as, due to the wear of the faces of the teeth, re isa 
tendency for the points of the harder pinion teeth to 
*‘dig in’? and tear across the flank of the tooth when 
disengaging, the concentration of the load on the pitch- 
line then being so great as to cause elastic deformation 


gears 
power trials, and all| film 


and a continuation of the digging in, failure of the oil 
film takes place, and the aoe surface of the tooth is 
yrs: pt away. In the two cases referred to, duri 

ials some slight error in the tooth form was conside 
to have been the cause in initiating the action, being 
then accentuated by the consequent failure of the oil 


From this same point of view any grinding in of the 
gears, apart from the practical difficulties of carrying it 
out, appears to be undesirable on theoretical grounds, 
and as it causes wear of the flanks and faces of the teeth, 
it leads to an undue concentration of pressure on the 
pitch-line. A few service gears have been subjected 
to this operation, but it is not now being applied. 
Another usual feature in gears during their early life 
is for a minor action of the above nature to take place, 
the teeth at the regions of higher pressure being rubbed 
away, or caused to flow so that a sharp razorlike edge 
or small “‘rag’’ is formed on the points of the teeth, 
It can be stated as a general principle, however, that 
once these harder regions of pressure have been ‘* beaten 
down,” the load is more uniformly distributed, and the 
action does not continue, nor is the working of the gear 


ected. 

With the oils used for naval service corrosion of the 
gears does not take place. Some slight admixture of 
water with the oil always takes place, chiefly due to 
steam from the turbine glands entering the adjacent 
bearings, but beyond a rusting effect of the wheels 
and pinions generally the working faces are not affected. 
It has been suggested that in the early life of a gear it 
might be advisable to use an oil carrying a proportion of 
graphite, from the point of view that under the working 
pressure the microscopic irregularities in the surfaces 
would be filled by small particles, and in a short time 
highly polished surfaces obtained. As the lubricating 
system of gearing is, however, common with that of the 
turbine installation, it has not been generally adopted, 
but recently this is being tried in two torpedo-boat 
destroyers. 

From the general experience so far gained there is no 
reason to suppose that gearing should not have a long 
life, provided that a reasonable amount of care be 
ex in running an installation that has successfully 
pesnes through its specified trials. Gauges are supplied 
or testing the wear of the teeth, but as in practically 
all cases the wear is inconsiderable, it is not usual to 
keep records of this. 

Some cases of failure having been mentioned, it is of 
interest to sum up as a whole and see how far the 
anticipation of reliability has been substantiated. Of 
the 596 sets of all-geared installations on service in the 
Navy, some extending Up to nearly six years, it has only 
been necessary to actually remove three for refit in the 
misalignment cases referred to, and here it must be 
emphasised that no actual breakdown occurred, and 
the gears, after dressing up and in one case new pinions 
being supplied, were su uently re-utilised. Also 
in the case of one of the “‘P” boats the two gears had 
to be removed on service owing to their becoming noisy 
and wearing slightly. The wheels were “ up 
and new pinions fitted. Of the cases of fractured teeth, 
which are two in number, the gears were not removed, 
the broken or cracked portions being removed and 
damaged teeth smoothed up. In another case a break- 
down occurred through a j-in. bolt, inadvertently 
left in the gear-case, passing between pinion and wheel 
and damaging a portion of the length. This set was 
replaced by a spare, but the old wheel after cleaning up 
is retained as a spare with 3 in. of the tooth face out of 
40 in. total missing. The failures on trials have been 
four with fractured teeth and two with excessive wear, 
and it must be admitted that these are most 
satisfactory when it is remembered that the development 

experience of these gears for high powers was, except 
for a few cases, confined to warships. 

Apart from the reduction in size of the turbines which 
led to more rigid and reliable units, there is a great 
decrease in the quantity of turbine blading required, and 
at one period of the war, owing to the enormous demands 
for copper in the munitions, &c., service generally, any 

uestion which } d the d d for the supply of 
this metal or its alloys was of importance, and the 
reduction in blading required owing to the adoption 
of the all-geared installations redu the strain on the 
blading makers, and avoided any possible delay in the 
construction of warships from this cause, 

Some typical figures showing this are: In a direct- 
driven torpedo-boat destroyer of 25,000 shaft horse- 
power, the total length of blading sections fitted is 
approximately 70,000 ft., as compared with 7,720 ft., 
in an all- installation of 27,000 shaft horse-power. 
As, however, the section of the blading in the all-geared: 
type is heavier, the weight is not in the same proportion, 
being as 4 to 84 tons. Apart from the saving of fuel, 
and slight reduction in boilers owing to the gain in 
economy, there is no great saving of overall weight in the 
all-geared installation, the gearing being a heavy fitting 
and helping to outweigh any saving obtained on turbines 
and boilers. Some typical weights are :— ' 














Total | 8.H.P. 
- —_— 8.H.P. | We'ght. | per Ton. 
tons. 
Torpedo-boat Direct driven 25,000 372 67°56 
destroyer All-geared ..| 27,000 393 69-0 
Flotilla leader Direct driven 36,000 554 65-0 
All-geared . 40,000 615 65-0 














The question of economy which was one of the primary 
reasons for fitting reduction gearings has been sub- 





stantiated, Generally speaking, the advantages of the 
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present all-geared installations over the most recent 
direct-drive types fitted are shown in the table below, 
the figures being based on the increase of the radius of 
action for the same quantity of fuel under service 
conditions, and therefore taking into account the gain 
in economy in the turbines and the effect of an increase 
in propulsive efficiency. 


Percentage Increase in Efficiency of Geared Installations. 





rough machining it is to be oil-hardened by thefollowing 
or other approved process :— 

The forging is to be heated to 850 deg. C. and then 
quenched in oil, this to be followed by tempering at 
600 deg. C. :— 

In both treatments the time of heating is to be the 
minimum required to raise the centre of the forging to the 
specified temperature, and this minimum should not be 
ded by more than half an hour. 








Two-fifths 
One-fifth to Full 
—_ Power. Three-fifths Power. 
Power. 
Light cruisers ° 16-5 16- 16-1 
Flotilla leaders - 20-0 20-0 17-0 } at 30 
Torpedo-boat des- 20-0 20- 20-0 f knots 
troyers 








The initial steam conditions in the cases of the all- 
geared and direct-drive installations are the same in each 
case. 

It should also be noted in this particular that super- 
heated steam has not up to the present been used in any 
all-geared turbine installation in the naval service, but 
with the advantages to be gained from the possible 
adoption in the future the smaller rigid turbines used 
would conceivably be more adapted for superheat than 
the larger direct drive units. 

The author is indebted to Messrs. Thornycroft for 
the photographs of the gearing of a _ torpedo-boat 
destroyer and a flotilla leader, illustrating this paper. 





APPENDIX, 
I. Extract From ADMIRALTY SPECIFICATIONS. 


Gearing for Turbines.—The bearings, shafting, and all 
parts of the gearing in connection with the turbines are 
to be accurately in line and the pinion shaft is to be 
truly parallel with the shaft of the main wheel, and the 
gearing is to be most accurately adjusted for correct 
working. The whole of the above parts will be tested 
both in the shop and when erected on board to ensure 
that these conditions are observed. The supports of the 
gearing are to be rigid, and the whole system is to be 
worked without vibration on trials. 

When the pinion bearings are bored and fitted in place 
to give correct oil clearances a circle concentric with the 
bore is to be clearly marked on the ends of the brasses 
for guidance in boring after subsequent remetalling. 

The gear wheels are to be of forged steel and the rims 
upon which the teeth are cut are to be separate from the 
body of the wheels. 

Special consideration is to be given in the design and 
method of construction of the pinion and gear wheels 
to ensure that the process of manufacture of the parts 
upon which the tee*h are cut is such as to ensure maxi- 
mum uniformity of material and as equal a degree of 
hardness as possible over the whole of the working surface 
of the teeth. This condition is to be demonstrated if 
— to the satisfaction of the Admiralty Inspecting 
Officers. 

The teeth of the gear wheels and pinions are to be 
chamfered at the ends in accordance with latest practice. 

The gearing is to be cut by approved makers and in 
machines of approved type, and the accuracy of these 
machines is to be demonstrated, if required, to the 
satisfaction of Admiralty Inspecting Officers. The 
lubricating arrangements for the gearing and pinion shaft 
bearings are to ‘be carefully considered and specially 
submitted for Admiralty approval. 
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The teeth of the gear wheels and pinions are to be cut 
with a spiral angle of 30 deg. at the works of the same 
maker. 

The flexible couplings are to be made independent of 
rotor spindles and pinion shaft» and fitted with provision 
for lubrication on an approved principle. 

The pinion element of the gearing is to be of nickel 
steel containing about, but not less than, 3-5 per cent. 
nickel and 0-3 per cent. to 0-35 per cent. of carbon. 

The pinion gearing may be formed in separate rims 
shrunk on to the shaft and suitably secured in an 
approved. , or tured solid with the pinion 
shafts. If made in separate rims, the blank is to be 
hollow forged or rolled, leaving as little margin as 
practicable for turning off on the internal or external 
jiameter, but.at least 1 in. is to be machined off each end 
of the blank after forging. 

If made solid with the shaft, the pinion blank is to be 
reduced at least 2 in. in diameter and 2 in. on each side 
of each pinion blank by machining from the finished 
forging. The pinion shaft is to be hollow, and after 











The gearing teeth are to be accurately shaped, are to be 
well rounded off at the roots, and are to have approved 
clearances in the pitch circles. 

Test Pieces.—Test pieces are to be taken from each 
forging, and may be cut off after annealing. . 

Tensile Tests,—The test pieces are to satisfy the 
conditions of the preceding table, 


II, Gear WHEELS. 


The gear wheel is made up of a continuous shaft, of the 
rim, and of a centre uniting the shaft to the rim. The 
centre may be made of a solid steel casting, or of two 
or more forged steel wheels or be constructed of plates. 

Fig. 14, page 479, shows sections through typical 
wheels. Cast and forged steel wheels are ek and 
pinned to the shaft, and the rim is in turn shrunk and 

inned on to them. Plate centres are bolted by fitted 

Its to flanges, made solid with the shaft and with the 
wheel rim respectively. The larger designs are arranged 
with a separate casting keyed to the shaft which carries 
the flanges of the centre plates. The rim is made of 
forged carbon steel of tensile strength, 31 tons to 35 tons 
per square inch. The two portions of the rim in which 
the teeth are cut are made in one piece for those designs 
in which the rims are shrunk on to the wheel centres 
comprised of steel forgings or castings. In the build-up 
designs of wheel centres comprising plates, each rim 
section and the intermediate portion of the rim joining 
them is made separately and bolted together. This is 
necessary for constructional reasons except in very 
small designs. 

No special advantages as regards working on service 
is claimed for either form of construction, and no cases 
of failures of wheels or gear cases structurally have 
occurred on trials or service. 

Fig. 13, page 479, shows the method of chamfering off 
the corners of the teeth of the pinions and gear wheels 
to prevent any possible excessive stress being taken on 
an overhung or incompletely supported extremity. As 
a further safeguard to the teeth of the pinions having 
in view the effect of deflection they are also thinned off 
as shown, ‘lhis thinning off also keeps the load off the 
end of the wheel teeth. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

A Mammoth Shell.—Should the gun ever be built 
to fire them, Messrs. Hadfields, Limited, are prepared 
to undertake the peowee of armour-piercing pro- 
jectiles, each weighing nearly 2} tons and 21 in. in 
diameter. Probably 50 per cent. heavier than the 
biggest projectile yet fired, this shell would perforate 
5 ft. of hard-faced armour at short proving-ground range, 
or 24 ft. of such armour at 10 miles range. Such a 
projectile would require 1,200 lb. of propellant to obtain 
about 2,500 ft.-seconds muzzle velocity, and would 
leave the gun with a locked-up energy of 250,000 tons. 


War Honours.—T he last published list of war honours 
is remarkable for the number of names it contains of 
men prominent in the South Yorkshire engineering trades. 
In no preceding list has the district’s contribution to iron 
and steel production been so generously recognised. 
Conspicuous amongst the most notable recipients are 
Mr. A. M, Jack, managing director, Messrs. Hadfields, 
Limited ; Mr, J. C. W. Humphrey, chief analyst of the 
inspector of steel’s permanent staff, in charge of the 
Sheffield Laboratory ; Mr. P. W. Fawcett, director and 
chief engineer, Messrs. Thomas Firth and Sons, Limited ; 
and Mr. O. Boden, works manager, Vickers, Limited. 


Iron and Steel.—After a three-days’ set-down, the 
South Yorkshire engineering trades have recommenced 
with ev promise of an exceptionally busy period. 
If reasonable supplies of basic materials are forthcoming, 
and transit is expedited, manufacturers have confidence 
in the maintenance of prosperous conditions. In 
practically every section of the iron, steel and machinery 
trades, heavy and light, order books present a more 
satisfactory appearance than at any period since the 
return to conditions. Home requirements have 
steadily increased, while the expansion in export business 
has been such that makers have been compelled to pass 
by quite a considerable number of orders, pending the 

rospect of increased output and speedier delivery. 

‘articularly has this been the case with regard to sheets 
and plates, and mild steel generally. The sheet mills, 
though running full time, have booked eup as much 
work as they can promise to turn out within the next 
six months. Contrary to expectation, the big advance 
in prices of all classes of semi-finished and finished goods 

not had a restricting influence on the demand. 
Rather the contrary has been the case, users foreseeing 
that the upward movement in values was bound to 
continue. The improvement in foreign purchases of 
high-speed tool steels, chiefly by the United States, 
is reflected in the stiffening of the alloys market. At 
many works, large war stocks have at last n exhausted, 
Makers are now buying freely of British tungsten pro- 
ducers. There is no sign of reaction in quotations 
for finished iron. Bars have advanced a further 1l. 
to 271. 10e. Premiums of as much as 2/. 10s. a ton 
on the revised quotations are being asked for early 
deliveries of billets. 





South Yorkshire Coal Trade.—Full adv: e is being 
taken of the period occurring before the publication of 
the result of the miners’ ballot, to augment stocks in 
every direction. Railway companies and manufacturer: 
are assisted in this respect by the fact that exports from 
this district are entirely suspended. Reserves at railway 
depots now having reached a more satisfactory level, 
preference is being given to steel makers and engineering 
masters. The ition ig not helped, however, by the 
fact that the Coal Controller’s Department has en a 
number of coiliery-owned wagons for service in Northum. 
berland and Durham. On all sides the demand is well 
up to the level of production, gas and electricity concerns 
are rather better placed, but their reserves in many cases 
are not large. There is no appreciable diminution in the 
pressure for house coal. Quotations: Best branch hand- 
picked, 23s. to 24s.; Barnsley best Silkstone, 23s. to 
238. 6d. ; aan best brights, 21s. to 22s. ; Derby- 
shire house coal, 18s. 6d. to 19s. ; Derbyshire best large 
nuts, 18s. 6d. to 19s. 6d.; Derbyshire small nuts, 
278. 6d. to 288. 6d. ; Yorkshire hards, 28s. 6d. to 298. 6d. ; 
Derbyshire hards, 28s. 6d. to 29s. 6d.; rough slacks, 
248. to 258.; nutty, 23s. to 24s. ; smalls, 19s. to 20s. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Holidays have this week 
interfered with business. The market, however, keeps 
strong, and home and foreign demand for Cleveland pig- 
iron is unabated. The scarcity of that commodity 
continues pronounced, and the somewhat increased 
quantity available for delivery through the suspension of 
operations at local consuming works for the Easter 
holidays has relieved the stringent situation little. 
Home needs could easily absorb all the iron that is being 
produced, and consequently it is not at all surprising 
to find exports on quite a limited scale. The allocation 
system for the supply of customers North of the Tweed 
is understood to be working as satisfactorily as could be 
expected, but Scotch consumers would warmly welcome 
any arrangement whereby supplies to them could be 
enlarged. For home consumption, No. 1 Cleveland 
pig-iron is 212s. 6d. and No. 3, as well as the inferior 
qualities, is 200s. ; while for shipment to France, Belgium 
and Italy, No. 1 is 217s. 6d. and No. 3 and the lower 
grades are 205s. 


Hematite Iron.—Demand for East Coast hematite is 
large and insistent, but makers, being well sold, are in 
no great hurry to book further orders just now. 
Merchants, however, are taking up iron under contracts 
made at below current rates, and they may shortly be 
able to offer substantial parcels to home and foreign 
customers. Quotations keep steady. For home pur- 
poses, No. 1 is 262s. 6d. and mixed Nos. are 260s., and 
the prices are 267s. 6d. and 265s. respectively for export 
to France, Belgium and Italy. 


Foreign Ore.—It is difficult to fix foreign ore quotations 
definitely. Buyersand sellers still hold widely divergent 
views as to values. The sellers cling to the belief that 
they will be able to arrange heavy contracts at high 
rates, but consumers are holding off in the hope of 
doing business in the near future, on more advantageous 
terms than are now named. 


Coke.—Coke continues exceedingly scarce, and local 
consumers complain considerably that deliveries are 
still inadequate despite the embargo on exports. For 
home use average blast-furnace kind is 55s. 6d., low 
phosphorus sort 58s., and foundry quality 63. 


Manufactured Iron and Steel.—Producers of manu- 
factured iron and steel are so full of work, and so much 
behindhand with deliveries, that they pay little heed to 
the numerous and heavy inquiries in the market. More 
than the following recognised market rates would readily 
be paid for guaranteed delivery :—Common iron bars, 
26l.; marked bars, 28/.; steel ship, bridge and tank 

lates, 22/.; steel angles, 21/. 10s.; rivets, 33/.; steel 
iler plates, 28/. 108.; steel joists, 21/. 10s.; steel 
strip, and steel hoops, each 271. 10s.; soft steel billets, 
221. 108. ; hard steel billets, 237. 10s. ; heavy steel rails, 
211. ; and fish plates and sleepers, 26l. 


Ironworkers’ Wages.—According to the accountants 
to the Board of Conciliation and Arbitration for the 
Manufactured Iron and Steel Trade of the North of 
England, the average net selling price of bars and 
ones, for the two months ending February 29 last, was 
231. 11s, 3-79d. per ton, as compared with 22/. 9s. 0-074. 
per ton for the previous two months. On these figures 
the sliding scale gives an advance of 10 per cent. on 
puddling, and other forge and mill wages, to take effect 
from the 29th ult. 


Shipments of Iron and Steel.—Loadings of iron and 
steel at the port of Middlesbrough last month totalled 
68,950 tons, of which 22,123 tons went to coastwise 
customers and 46,827 tons went to buyers abroad. The 
shipments comprised 34,515 tons of pig-iron, of which 
14,743 tons went coastwise and 19,772 tons went abroad ; 
1,761 tons of manufactured iron, of which 38 tons went 
coastwise and 1,723 tons went abroad ; and 32,674 tons 
of steel, of which 7,342 tons went coastwise and 25,332 
tons went abroad. The principal customers for pig-iron 
were Scotland, 12,640 tons; Belgium, 9,480 tons: 
Japan, 4,142 tons; France, 2,929 tons ; Sweden, 1,301 
tons; Denmark, 1,250 tons; and Wales, 1,050 tons. 
India was again the targest receiver of manufactured 
iron and steel, taking 796 tons of the former and 14,087 
tons of the latter. , Cape Colony, the Malay 
States, Japan and Natal each received over 1,000 tons 
of steel. 
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NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

State of Trade.—Throughout the past month an 
enormous amount of business has been put through in 
the many different industries which go to make up the 
trade of the West of Scotland. There are very few 
branches of industry which have not been working at 
top pressure, and all have been experiencing difficulty 
in meeting the ever-increasing demand for material of all 
kinds. Finished iron and steel have been at a premium, 
and makers of machinery for general industrial concerns 
have all had trouble in fulfilling their promises of delivery 
owing to shortage of supplies. Shipbuilders have also 
been handicapped through scarcity of plates, &c., but by 
careful working and good management, most of them 
have managed to carry on fairly well up till now, although 
not without some anxiety to the principals. Short 
supplies of pig-iron and fuel have told considerably 
against trade in many quarters, and until these become 
more plentiful and easier, the trade will not generally 
assume a more healthy condition. Prices, however, show 
no sign of easing off, and, in fact, the tendency is all the 
other way. Recently the quotations for iron and steel 
have been advanced, and now that miners’ wages have 
been raised the cost of fuel is almost certain to become 
higher. This can only have the one effect of sending 
prices up stillfurther. Work is plentiful and order books 
are full, but it is the last straw which breaks the camel’s 
back, and consequently there is sure to come a day of 
reckoning, although that seems far enough off in the 
meantime. 


Scotch Steel Trade.—Very active conditions continue 
to rule in the Scotch steel trade, and makers are quite 
unable to cope with the great demand for material. 
Advances in prices have not side-tracked buyers and 
only seem to have stimulated them into a more deter- 
mined effort to secure further supplies to meet their own 
obligations. Both ship and boiler plates are in great 
request, and the same can also be said of sections for 
constructional purposes; the latter indeed are very 
searce. For black sheets there is an enormous demand 
and great pressure for deliveries, and makers have so 
much work booked that they are unwilling to add to 
their commitments in the meantime. Prices are strong, 
and a further advance of 40s. per ton has been made, 
the basis price for ,*, in. now having been raised to 35l. 
per ton, f.o.t. at makers’ works. It remains to be seen 
whether or not this latest advance will cause any check 
to buying, but few anticipate that it will. The bulk of 
the steel being turned out is for home consumption, 
with the result that very little is being shipped abroad, 
and what is going foreign, is material which was booked 
many months ago. 


Malleable Iron Trade.—In the malleable iron trade 
of the West* of Scotland there is any amount of work 
doing and producers report a very heavy demand from 
home consumers. They are unwilling to book much, 
if any, more new business at present. The export trade 
is very small indeed. 


Scotch Pig-Iron Trade.—The demand for pig-iron 
continues, and although makers are doing their best 
to satisfy their regular customers, they are unable to 
perform miracles, and so there is much grumbling at the 
very poor deliveries. Foundry iron is extremely scarce 
all round, and the great shortage is causing much heart- 
burning on the part of consumers who are constantly 
hindered for want of material. Hematite is also 
scarce, which is a source of annoyance to steel makers. 
The price, already high, has been advanced again by 
the Scotch ironmasters by 10s. per ton, for deliveries 
during the current month, the new figure now being 
131. per ton, delivered at the steel works. The export 
trade in pig-iron is practically at a standstill owing to 
the very pressing needs of home consumers, and this 
despite the higher prices offered for shipment lots. Some 
excellent lots have recently been declined through 
inability to promise anything in the way of near date 
delivery. 


Scotch Shipbuilding.—The output of new shipping from 
the different Scotch centres during the month of March 
was rather disappointing, as the total only amounted to 
16 vessels of 26,815 tons. Order books are well filled 
up, but builders find great diffieulty-in getting ahead 
with their work owing to the short supplies of steel, &c., 
with the unfortunate result that the delay means higher 
costs all round. Material, in general, is not anything 
like equal to requirements, and the shorter working day 
accounts for ~~ proportion of the smaller output. 


Che following are the figures for the different areas for 
March :— 





Vessels. Tons. 

The Clyde ... a bod 8 25,315 
The Forth ... ove 1 1,000 
The Tay ... ove $06 1 95 
The Dee and Moray Firth... 6 405 
Total 16 26,815 





The Clyde figures are the lowest monthly total for this 
year, and are below the average for the same month for a 
number of years back. They bring the total output 
for the quarter up to 33 vessels of 97,954 tons, which, 
while 20,000 tons above the figures for the first three 
months of last year, is considerably under the previous 
best, and also under the general average. Of the 8 vessels 
launched 3 were geared-turbine steamers of 9,000 tons, 
3.400 tons and 2,400 tons, the first of these being the 
“anipur, from the yard of Messrs. Lithgows, Limited, 
Port Glasgow, for Messrs. T. and J. Brockle ,Lim ited, 





Liverpool. From the same yard there was also launched 
theJsecond largest vessel of the month, the ss. Hovden, 
4,600 tons, for Norwegian owners. V few new 
contracts are reported as having been 
past month or two, but orders booked 
are sufficient to keep the various yards 
for a good long time to come, 
with the probability of freights easing off in the near 
future, there is not Yost the same desire to place many 
more contracts at the moment, but when conditions 
seem a little more settled, and the bable date of 
delivery rather more certain, booking is likely to increase. 
A long spell of activity in the various yards is, in fact, 
anticipated, owing to the great loss of mercantile vessels 
during the war years. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Markets.—Holiday conditions have prevailed 
throughout the greater part of the past week. Outputs 
in conse have yoann ye bag ew for export 
have n ingly granted, the authorities requiring 
practically Ry production for inland requirements. 
Foreign exports last week were, in fact, the smallest 
in volume for any week in the current year. The total 
shipments ef coal from Cardiff, Ne rt, Swansea and 
Port Talbot amounted to only 217,837 tons, of which 
125,123 tons, equal to 57 per cent., went to France, 
and 12,639 tons, ae cent., went to Italy. Compared 
with the previous *s shipments, there was a decrease 
of 117,529 tons. Negotiations between the shipowners 
and coalowners in respect to the voluntary ment 
of the latter to supply foreign-going ships with bunker 
coals at fixed prices of 808. per ton f.o.b. for large, 60s. for 
small and 75s. for throughs, have resulted in the removal 
of rules in the original scheme, which were considered to 
be impracticable. Ships are now to be supplied with the 
customary quantities of bunkers, which means that a 
vessel going to the Mediterranean with coal and returning 
with an ore cargo would receive sufficient bunkers for 
the round voyage, while a vessel going to the River Plate 
to load a homeward ca would obtain bunkers to 
take her to the Plate and k to St. Vincent, whereas, 
under the original scheme, they would only have been 
entitled to bunkers to enable them to reach the first 
coaling station. The rule relating to definite percentages 
of large and small coals has also been amended, so that 
vessels can now obtain what quantities they require at 
the different fixed prices. Whipewaces and brokers, 
when applying for bunkers, have to state (1) the name 
of the ship and deadweight capacity, (2) intended 
voyage, (3) surplus bunkers remaining on board, (4) 
steamer’s speed per hour, (5) st 8 ti 
day, (6) whether steamer has forced dra 
(7) quantity of bunker coals uired in addition to 
surplus on board, A committee of shipowners has been 
formed as an advisory body to the Coalowners Committee 
to deal with cases in which owners ask for larger quanti- 
ties than they are entitled to under the arrangement. 
Owners have been specially requested to see that all 
applications are mi for not more than would have 
been shipped in any steamer in pre-war days. 


A Gloomy Outlook.—The outlook in the coal trade is 
gloomy. The industry is threatened with a strike in 
connection with the miners’ application for increased 
wages. It is expected that the ballot as to whether 
the Government offer should be acce or a sto 
take place to enforce the original claim, will result in 
a majority for a strike, but it is not anticipated that the 
two-thirds majority, which is necessary to authorise a 
stoppage, will be secured. Should such prove the case, 
the period of uncertainty will be prolonged, and while 
such a state of affairs exists, it is hopeless to expect any 
material increase in exports. Further, the tippers at 
Port Talbot are out on strike and coal loading is suspended 
—and at Swansea the coal trimmers have work 
because of a dispute between the coal foremen and 
exporters. Thus two important docks are rendered 
idle while hundreds of ships are held up waiting for 
= Thus the immediate future is anything but 

right. 





ion r 





SUBMARINES AND FurureE Navan WaARFARE.— 
Lecturing at the Royal United Service Institution on 
Wednesday last, Lieutenant W. 8. King-Hall, R.N., 
dealt with the possible developments in submarine 
warfare during the next ten years. He did not consider 
that it would be desirable to make battleships of the 
future sybmersible, but cruisers intended for observation 
work off enemy porte should, he thought, be of the 
submarine type. Cruisers employed on guerre-de-course 
would be su ible, their object being to destroy 
shipping by gunfire, and, being particularly suited to 
our possible enemies, they would the test future 
danger to the Empire. To counter t craft he 
su ted that cruisers of the aerial and submarine t » 
working in conjunction, should be employed. b- 
mersible mine-layers, al h not of general utility 
to us, might be serviceable in some cases, but, to our 
enemies, they would be useful for mining the ——- 
to our ports as part of a cam against our sea traffic. 
For flest action, in iowsontee kh -Hall’s opinion, the 


to: 0-ca submarine is only likely to be of 
oF ity for co the retreat of a defeated fleet. The| by Mr. 
“oe ’ Cl 


ass submarines, he thought, would probably 
disappear, for the time being at all events, if the assump- 
tion that the tactical advantage of submersion in such 
actions is on a tem decline were correct. At the 
commencement of lecture Lieutenant King-Hall made 
it clear that he was expressing his own views only, and 
not necessarily those of the Admiralty. 








NOTICES OF MEETINGS. 


Tue Inst1TuTION oF British FounpRYMEN (LANCA- 
sHirE Brancn).—Saturday, April 10, at 4 p.m., in the 
College of Technology, Manchester, when Mr. J. D. 
Paton, M.I.M.E., A.M.I.E.E., of Manchester, will give 
@ paper on “ Die Castings.” 

Tae Norra or Eneranp InstiruTre or MINING 
Enoiveers.—Saturday, April 10, at 2 p.m., in the Wood 
Memorial Hall, Newcastle-on-Tyne, the following _—- 
will be open for discussion : ‘‘ The Applications of Ferro- 
Concrete in Mines,” by Mr. T. J. Gueritte (Trans. Inst. 
M.E., vol. lviii, page 184) ; the following paper will be 
read or taken as read: ‘“‘Stone-Dusting in Collieries,”’ 
by Mr. L. G. Hill, F.R.S.A. 


Tae Mrsine Instirvure or Scortanp.—Saturday, 
April 10, at 3 p.m., the forty-third annual General 
Meeting will be ‘held in the Royal Technical College, 











George-street, Glasgow. Mr. Eiriksson’s 
on “* Coal in Iceland "’ will be di d; Prof 
PW. F.R.8., will read a paper on “ The 


Red Rocks o' Bore at the North End of the Isle 
of Man”; Mr. Helgi H. Hiriksson will read a paper on 
“The Spar Mine at Helgustadir, Iceland’’ ; at the close 
of the meeting a Demonstration will be given, by Mr. 
Philip McGhee, of “The ‘P.P.’ Safety Shot Firing 
Appliance.” 

Tue Ceramic Socrery.—Monday, April 12, at 7.30 

.m., in the Central School of Science and Technology, 

toke-on-Trent, when a paper entitled ‘ Pottery Stoves 

Scientifically Designed,’’ will be given by Mr. B. J. 
Allen. 

Tue ASSOCIATION OF ENGINEERING AND SHIPBUILDING 
Draveutsmen.—Monday, April 12, at 
Technical School, Barrow-in- 
Needham’s r on “‘ Critical Speed of 
Mr. G. E. W, Johnson. Friday, April 16, at 7.30 p.m., 
Applied Science De ment, Sheffield University, 
Mr. J. Claughton, on “‘ Reinforced Concrete Beams.”’ 


Tue Socrzry or Enorverrs.—Monday, April 12, 
at 5.30 p.m., Meeting in the Rooms of the Geological 
Society, Burlington House, W. (entrance at the east end 
of the building in Piccadilly). Papers to be read: 
“Flood Prevention Works at Troon, Ayrshire,’ and 
“The Action of Sea Water on Concrete,’ by Professor 
E. R. Matthews, B.Sc., A.M.Inst.C.E., F.R.5S.E., Chad- 
wick Professor of Municipal and Civil oo, at 
University College, University of London, illustra by 
lantern slides. 

Tue Roya Society or Arts.—Monday, April 12, 
at 8p.m.: Cantor Lecture, ‘‘ Aluminium and its Alloys,” 
r. Walter Rosenhain, B.A., D.Sc., F.R.S., Superin- 
tendent, Metallurgy Department, National Physical 
Laboratory (Lecture I). Wednesday, April 14, at 
4.30 p.m.: Ordinary Meeting, “The Fundamental 
Basis of Good Printing,”” by Mr. Joseph Thorp. Sir 
Herbert Edward Morgan, K.B.E., will preside. Thurs- 
day, April 15, at 4.30 p.m.: Indian Section, ‘‘'The 
Ports of India: their Administration and Development,” 
by Sir Geo: Buchanan, K.C.1.E., M.Inst.C.E. The 
Right Hon. 8. Montagu, M.P., Secretary of State for 
India, will preside. 

Tue Iwstirution or Etxzorrican ENGINEERS— 
Soorrisn Centre.—Tuesday, April 13, at 7.30 p.m., 
Meeting at the Rooms, 207, Bath-street, Glasgow, when 
a Lecture will be delivered by Mr. J. M. M. Munro, on 
“Highland Water Power.” The President of the 
Institution, Mr. Roger T. Smith, is expected to be present 
to meet the members. 

Tue Instrrution or Civin Enotmnerers.—Tuesday, 
April 13, Meeting at 5.30 p.m. The following papers 
= be submitted for = “Pam: ae wen 5 oo 

ransportation Depot,” ieut t-Colonel John Kerr 
Robertson, M.Inst.C.E. ; NT he War Department Cross- 
Channel Train-Ferry,’’ by Major Frederick Owen Stan- 
ford, O.B.E., Assoc.M.Inst.C.E. 


Tue Royat Arronavuticat Socrery.—Wednesday, 
April 14, at 8 p.m., at the Royal Society of Arts, John- 
street, Adelphi, London, W.C. 2. A paper on “ Trans- 
Continental Flying’’ will be read by Captain P. D. 
Acland. Major-General E. D. Swinton, C.B., D.8.0 
will preside. 

Tue InstITuTION oF MINING AND METALLURGY.— 
Thursday, April 15, at 5.30 p.m., the twenty-ninth 
Annual General Meeting will be held, by kind permission, 
at the Rooms of the Geological Society, Burlington 
House, Piccadilly, London, W.1. Presidential Address : 
“The Mineral Production of the Empire,’ by Mr. Frank 
Merricks. 

Tue Breminecnam Merativureican Society.—Thurs- 
day, April 15, at 7 p.m., at the Birmingham Chamber 
of Commerce, New-street. Paper by Mr. W. J. Rees, 
F.1.C., on “‘ Fireclay Refractories.” 


Institution oF Etsorrican ENGINEERS.— 
Thursday, April 15, at 6 p.m. (by kind permission at 
the Institution of Civil , Great George-street, 
Westminster, 8.W.). The eleventh Kelvin Lecture, 

Modern Marine Problems,”’ by Dr. C. V. Drysdalé, 


ieee ela Deep 





Tue Royat Institution or Great Baritain.— 
Friday, April 16, at 9 p.m., a discourse will be delivered 
. J. A. McClelland, D.8e., F.R.8. The subject is 
“Tons and Nuclei.”” Afternoon Lectures at 3 p.m. : 
Tuesday, April 13, Major G. W. C. Kaye, O.B.E., M.A.., 
D.8e., on “Recent Advances in X-Ray Work”’ 
(Lecture I); Thursday, April 15, Mr. Sydney Skinner, 
M.A., M.R.I., on ‘‘(1) Ebullition and Evaporation” ; 
pe Aa 17, Mr. W. H. Eccles, D.Sc., M.R.I., on 
“The T onic Vacuum Tube ’’ (Lecture I). 
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NOTICE. 


A few months ago tlhe Proprietors of “ ENGI- 
NEERING” were compelled to advance the price 
of this Journal to is. per copy, owing to the 
enormous increases in the cost of paper, engrav- 
ings and printing, &c. Now higher transport and 
delivery charges involve a further increase to 
is. 24. per copy, and this price dated from and 

the issue of Friday, April 2, 1920. So long 
as postal rates remain as at present there will be 
mo increase in the price of copies sent by inland 
pest, which will continue at is. 94., post free. 


NOTICE TO NON-SUBSCRIBERS. 


In view of the restrictions still imposed by the 
Government on the importation of paper and the 
consequent shortage of Supplies, Newsagents will not 
have copies for chance customers; therefore readers 
who wish to be sure of obtaining “ ENGINEERING” 
each week should place an order for the Journal 
with a newsagent or bookstall clerk. 





NOTICES OF MEETINGS. 


Notices of Meetings to take place during the 
present and next week CGS Se. a am Bae Sr 
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os line + 4. one inch. The line averages seven words. When 

ment measures an inch or more the charge is 12s. 

per +7 Payment _ accompany all orders for mf 
advertisements, otherwise their insertion cannot be guaranteed 


Terms for displayed | wivertisementa on the w —_ on. the 
inside pages by Ay obtained on 
12 in. deep and 9 in. wide, divisible | into four columns’ 0 
in width. Serial advertisements will be inserted wi al prac 
ticable regularity, but absolute regularity cannot be aoa 
Advertisements intended for insertion in the 
current week’s issue must be delivered not later 


advertisements should be received on the Friday 
previous to the day of publication. 


SUBSCRIPTIONS, HOME AND FOREIGN. 
+ REVISED RATES. 

“ENGINEERING” may be ordered from any newsagent 

in town or country and at railway bookstalls, or it can be 


supplied by the Publisher, ~~~ Y yA free, ~~ the following rates, 
for twelve months, payable 








For the United Kingdom .........sccssssesserses 233 0 
™ Thi pi #2218 6 
in paper copies 
For all other places abroad es 
or & er a _ 
per Sag «. . £2 30 
” ” 2376 





When foreign su’ ubscriptions a are sent by Post Office Orders, 
advice should be sent to the Publisher. 
Foreign and Colonial subscribers receiving Spocmete copies 
through newsagents are requested to communicate the fact to 
the pe together with the t’s name and enivens. 
All accounts are payable to ‘* ENGINEERING,” LIMITED. 
chegees should be crossed “ The National Provincial and Union 
d, Limited, Charing Cross Branch.” Post- 
Oftee “Onder, should be made payable at Bedford Street, 
n: 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C. 2. 


We desire to call the attention of our readers 
to the fact that the above is our gee 
and that no connection exists between 
Journal and any other publications or 
somewhat similar titles. 
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THE TAXATION OF PETROL VEHICLES. 

Ir is understood that the taxation of petrol 
vehicles is very shortly to be increased, and the 
question of what form of rating will be adopted 
for the assessment of this taxation is therefore a 
matter of considerable importance. In order to 
estimate the result of any arbitrary rating for taxa- 
tion we must consider what the effects are likely to be 
on the design of cars. In this connection the im- 
portant point to remember is that the tendency of 
manufacturers is invariably to make the largest 
vehicle which can be produced under the particular 
rating used, this result being attained by exaggerat- 
ing all the dimensions except those rated. The reason 


—. | of this is obvious. The object of rating at all is to 


differentiate between various sizes. The whole 
reason why there is any rating is that otherwise 
size is an advantage. In the case of rating for tax 
collection the essential reason for having any 
rating at all is that it is considered that the larger 
machine should pay the heavier tax, presumably 
on two grounds: (1) that it wears the road more ; 
(2) that its owner can afford to pay more. Other- 
wise the simple thing would be for all vehicles 
from the humblest motor cycle to the most gorgeous 
50-h.p. covered car to pay the same tax. 

In competitions the same reasoning applies, and 
in that case we have had a very large experience 
of the results produced by different systems of 
ratings. In most competitions the large machine 
has the advantage, and if there were no restric- 
tions on size the largest machine would usually 
win. We can judge the results of any arbitrary 
rating best by studying the results of applying it to 
competitions. Thus in the case of sailing matches 
we have had many years’ experience of racing under 
every conceivable kind of rule and the result has 
in all cases been the development of a “rule 
cheater,’ which was simply the largest boat which 
could practically be built on the rating adopted. 
Thus there was rating on a simple limit of water-line 
length, and this produced a boat of enormous beam, 
depth and weight provided with the sails and spars 
of an ordinary boat nearly twice the length. Then 
beam was heavily rated and at once the racing boats 
became long and narrow, but of enormous depth, 
Length and sail area alone 
were the basis of another rating, and we got a boat 
with small sails and short water line, broad and 
of great draught, but of very small weight. 

In motor racing the same thing has applied. 
With unrestricted racing the cars got bigger and 
bigger, the only limit being the carrying power of 
the tyres. Then a weight limit was introduced, 
and we got powerful cars of light weight with large 
% | cylinders and moderate speed engines, this proving 
the lightest form of engine for a given power. Then 
a petrol consumption limit was tried and produced 
a very slow speed engine with very large cylinders 
and many changes of speed, two cylinders being 





more successful than four. Cylinder area alone was 
the next form and naturally a very long stroke engine, 
running at very high speed, was used. Cylinder 
capacity has been the basis of most motor cycle races, 
and has resulted in an engine of moderate stroke-bore 
ratio (the stroke being usually about the same as 
the bore), but, of course, running at a high speed. 

We some years ago showed* that from theoretical 
grounds a moderate speed petrol engine is lighter 
per horse-power than one running at a very high 
speed, as the inertia forces in the latter get so 
enormous that very large bearings and shafts are 
required. This has proved also to be the case in 
practice, and consequently all the successful aero- 
plane engines and high-speed motor boat engines, are 
of the moderate speed type, as here weight per 
actual maintained horse-power is of the utmost 
importance and the designer is not handicapped by 
any rating rule. Such engines are usually of 
moderate stroke-bore ratio, often nearly “‘ square.” 
The same practice obtains in lorry engines where, 
again, the designer is left free. 

In pleasure cars the issue has been obscured by 
an arbitrary rating rule based on cylinder dimensions, 
but two of the makers who have ignored these are 
probably the two most successful car makers in the 
world, though on different lines, namely, Rolls- 
Royce and Ford. Both these makes have practically 
“square ”’ engines of the relatively moderate speed 
variety, and both engines are of large capacity for 
the size of the car and light for the actual power 
they will maintain in daily work. 

The present basis for the taxation of the pleasure 
car is a horse-power rating which rates the engine 
on the area of the pistons and takes no account of 
the stroke. It may now presumably be taken that 
the horse-power which can be got out of a petrol 
engine depends on the cylinder capacity and the 
revolutions and, further, that the long stroke engine 
will run as fast as the short stroke within the range 
used on a motor car. The natural result has 
been that since this system of taxation was intro- 
duced most English cars have not been planned 
on the lines on which engines free from trammels 
are designed, but with a view of getting the greatest 
power from a given piston area more or less regard- 
less of weight. Hence the bore of the cylinders 
has been diminished, the stroke of pistons increased, 
very large valves, crankshafts, connecting rods, &c., 
employed ; the result being a very large and heavy 
engine with small cylinders giving a large power per 
unit of piston area, but heavy for its power. Motor 
cycles have not been taxed in this way, hence the 
long stroke engine is not employed in their case. 
In the case of cars of the highest class also the 
question of a few pounds extra taxation does not 
count, so the cylinders remain of large diameter 
with moderate-sized valves, &c. 

It appears now to be proposed that there should 
be very greatly increased taxation of pleasure 
cars based on the same rating, the suggestion being 
that the tax should be at the rate of, say, ll. 
per horse-power. If this be carried out it will 
be a very serious thing for the poorer class of 
motorists, and it is probable that it will produce 
very bad results on the English motor trade. The 
seriousness of the proposal as regards the less 
wealthy class of motorist is obvious. It has so far 
proved quite impossible to make the motor cars 
with the high-speed small bore type of engine 
anything like as cheap or as light as those fitted 
with the large bore, moderate-speed type. The 
ordinary motorist requires a full-size, four-five 
seated car capable of taking its full load with a 
bit to spare, but of as light weight and low price 
as is consistent with its doing its work. The 
Ford answers to these requirements admirably. 
None of the small bore cars do. The design of the 
Ford is now in all its essentials ten years old, and 
for ten solid years the makers of the small bore type 
of engine have tried to make a car to do its work 
on a lighter weight, and so far they have all failed. 
The Ford, and a few other large-bore American cars, 
are the only types which have a really full-size 
body, weigh materially under a ton, and have 
enough power to be satisfactory. 

The Ford has, however, four cylinders, 3} in. 





* See Excrvzerra, February 28, 1912, page 256. 
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diameter, and therefore it rates at 22} h.p. The 
ordinary European four-seated car of moderate size 
weighs about double as much as a Ford, and has a 
far greater power and speed, but has four cylinders, 
some 3 in. to 3} in. bore, the power being obtained 
by making a very large long-stroke engine with 
enormous crankshaft, &c., but very small-bore 
cylinders; in fact, a “rule cheater.” It will, 
owing to its weight and speed, wear the road twice 
as much as the Ford, but rate at two-thirds the 
‘Treasury rating,” and therefore, if this be the 
basis of taxation, pay two-thirds the tax. The man 
who desires to motor cheaply is faced, therefore, 
with the fact that he must either pay an enormous 
tax to compensate for the damage the heavy small- 
bore cars do to the roads or else must buy an 
expensive heavy car which will use an excessive 
amount of tyres and petrol. 

With regard to the results on the industry it 
might be thought that a special form of taxation 
would benefit the home industry, because no other 
country is likely to build cars to suit this, and 
therefore the home-produced “‘ rule cheaters ’’ would 
have a secured market to themselves. This may 
be true to a certain extent, but it appears to be a 
very shortsighted view. If the English motor trade 
is to be at all really successful it must be so 
by the production in large quantities of standard 
vehicles. This means a considerable export trade. 
Now it is hardly likely that other countries will 
adopt a rating of horse-power which ignores most 
of the essential items as a basis of taxation, and 
therefore, although a certain amount of home trade 
may be secured, a great deal of foreign trade will 
be lost. 

There is another very important point. It is not 
proposed to tax commercial vehicles by the horse- 
power rating, but by weight. This means that a 
totally different type of engine must be used for the 
commercial vehicle to that for the pleasure car to get 
the best results for a given tax. So it will be im- 
possible for any manufacturer to produce an engine 
suitable for both, and different patterns must be 
produced. This means a multiplication of the 
number of types of engine and a reduction in the 
quantity of one type produced, and therefore an 
increase in manufacturing cost. This will place 
our manufacturers at a very great disadvantage 
in the case of the commercial vehicle, as compared 
with the American manufacturer who can build 
an engine suitable for both pleasure cars and trade 
vehicles, and therefore produce in very large 
quantities. 

There appears to be no important reason why all 
vehicles should not be rated for taxation by weight. 
Certainly if it is practicable for one class it is equally 
practicable for another. This would be by far 
the fairest way of taxing them, as the wear on the 
roads is more nearly proportionate to the weight 
than to any other easily ascertained dimension of the 
vehicle. If weight were the basis of taxation also 
the designers would, like the aero engine designers, 
be free to get the best results for a given weight. 
There are many subsidiary advantages of the 
weight basis for taxation. One is that it is very 
easy to ascertain. Checking the cylinder dimensions 
is an expensive thing to do, as the engine must be 
taken to pieces. Consequently it is very seldom 
done, and dishonest people can understate their 
cylinder dimensions with a fair amount of impunity. 
it is, however, quite easy to put a car on a weigh- 
bridge, and the cost is negligible. It would also be 
quite easy to arrange that every car should actually 
be weighed before being registered, and this has 
in fact actually been done in some of our Colonies. 

Such a course would cause,a great deal more 
attention to be paid to the matter of weight. At 
present cars are in many cases quite unnecessarily 
heavy, partly in order to make them successful “ rule 
cheaters,’’ partly because it is often cheaper to use 
a heavy construction than a light one. Owners 
seldom weigh their cars, and can therefore often be 
persuaded that their cars are light cars when they 
really weigh far more than the so-called ‘‘ heavy” 
cars of days gone by. This unnecessary weight 
causes unnecessary tyre and road wear, as well as 
unn petrol consumption. There is little 
doubt that if cars were actually weighed and 
designers had a free hand to do the best on the 





weight they would be built lighter, more reliable 
and durable, and quieter than they are now. 

The matter is very serious because it appears to be 
a feature of human nature to consider a very small 
amount of tax as more important than a good deal 
of expense in other directions. Makers have also 
had the same tendency, and have studied the tax 
more than it deserves intrinsically. This, of course, 
may have been a mistaken policy, and it is possible 
that the English motor trade would have been in a 
stronger position to-day if it had ignored the tax 
question and made the best-proportioned engine, 
like Rolls-Royce and Ford. However, we must take 
human nature as we find it. The matter is of very 
great importance, for it is certain that the motor 
trade is going to be one of quite the leading trades 
of the world, and the results to the country if we 
fail to take a leading part in it will be serious. 





PEAT. 

For years engineers have cast longing eyes 
in the direction of the large deposits of peat in 
Ireland and elsewhere, but so far it must be admitted, 
without much practical result, for peat suffers 
from a great natural disadvantage which all our 
efforts have, at the best, only partially overcome. 
Handicapped as it is by an enormous amount of 
contained moisture its claims as an industrial asset 
are precarious indeed. It originates in badly- 
drained lands often remote from everything in the 
way of the business of life. In its primitive state it 
frequently contains over 90 per cent. of moisture, 
and in this condition it is not of value either as a 
direct fuel, or of any use for gasification, since 
heat of more than its calorific value would be 
required for driving off the contained moisture alone. 
The peat question therefore hinges on getting rid of 
this superfluous water. To give an idea of what 
this involves, taking figures from the Nitrogen 
Products Committee’s recent report, an ammonia 
recovery plant producing 5,000 tons of sulphate per 
annum from raw peat at 90 per cent., and a nitrogen 
content of 1-5 per cent., would require to evaporate 
over 150 tons of water per ton of sulphate 
obtained, or over 2,100 tons of water daily. 
With so high a percentage of useless matter the 
quantity of raw material to be handled for even 
small results is enormous. The above plant for 
instance would involve the stripping, annually, of 
about 115 acres of bog, 6 ft. deep. Very large-scale 
plants, although having the advantage of economy, 
are thus out of the question. 

It is over these points that most of the peat 
schemes come to grief. Working on any considerable 
scale the quantities of raw material to be handled 
for comparatively small results are inconveniently 
large, while the cost of reducing the moisture has 
also often worked out at an uneconomical figure. 
In this country climatic conditions are unfavourable 
to air drying. In most countries this is perforce a 
seasonal process, and under average conditions will 
not reduce the moisture to less than 25 per cent. If 
cut late in the season the moisture will not be lowered 
nearly to this figure, and as peat, if insufficiently 
dried, has the unpleasant habit of readily re-absorb- 
ing moisture up to the original amount; this would 
almost certainly happen with the advent of autumn, 
and several weeks’ drying would possibly be rendered 
abortive. A large drying area is essential as the pro- 
cess is very slow, and as it is seasonal it is necessary 
to carry a large reserve for the winter months, requir- 
ing the provision of ample storage. In one instance, 
the reserve having been exhausted on account of the 
load on the power plant having increased, recourse 
had to be had to lignite till favourable weather 
again came, and sufficient time elapsed for a new 
batch to be dried. There is little use, therefore, 
in depending upon air drying alone. 

Other, or supplementary, processes of course 
add to the expense, and so tend to increase the 
handicap with which this fuel starts. Some, 
however, have been attempted with a degree of 
success, but the most that can be claimed for them 
is that under certain conditions this may be achieved. 
The margin is small and the whole so sensitive to 
market conditions that no general proposition can 
be laid down. The bulk of the residual moisture 
is contained in the cellular organic structure in a 
manner which prevents it being removed by a simple 





mechanical process. Various combination processes 
have, therefore, been devised, some using Waste-gis 
drying, others combining pressure and heat treat- 
ment by steam or electricity. The wet-carbonising 
process which embodies also special features of 
transporting the raw peat, employs heating by stear 
jacket, and waste heat and pressure. All such 
systems of course involve plant and labour for this 
preliminary work, before the stage of putting the 
material to use is reached. 

When at last the moisture has been reduced to 
from 10 to 40 per cent., according to the use the 
fuel is to be put to, we are still faced with the fact 
that the calorific value of the theoretically-dry 
product is only about two-thirds. that of coal, 
Much larger quantities, therefore, are required, and 
have to be handled, for the power produced. Thes 
factors are unfavourable both to large power 
stations or recovery installations. We have quoted 
figures above for a recovery plant ; figures for power 
stations are similar. The Nitrogen Products Com- 
mittee consider a reasonable-sized power station 
using peat, would be one capable of producing 
5,000 kw. This in a year, using steam generating 
sets, would need about 1,000,000 tons of raw peat 
of 90 per cent. moisture, or the stripping of about 
150 acres of bog, 6ft. deep. Anything much larger 
than this becomes impracticable and might also lead 
to so early an exhaustion of the deposits that 
costs could not be written off. 

Most of the nitrogen recovery plants using peat 
show a surplus production of gas available for 
external purposes. In fact, the most promising 
peat propositions are considered to be recovery 
plants combined with power production. Against 
these schemes is the unfortunate fact that sch 
stations would be in out-of-the-way places, whcre 
power is not wanted, and heavy transmission line 
costs would be a natural consequence. This would 
adversely affect the small station. The only 
alternative would be to do what the water-power 
people do, .e., to bring the industries to the plant 
site. Water-power, however, is inexhaustible, and 
a local industry thus established may be expected 
to be permanent. Such would not be the case 
with peat. If use can be found for the power, 
without overburdening charges, and the local price 
of coal is high, peat may successfully compete with 
the former using steam power plant, while with 
gas-engine plant its position is rather better. The 
Nitrogen Products Committee figure out that with 
sulphate giving a net revenue of 10/., and coal at 
10s. per ton, the cost of peat would have to be over 
7-28. per ton of theoretically dry product before 
it became less economical than coal, in the case of a 
5,000 kw. steam generating station. On the figurcs 
of the report this seems to leave a margin ovi! 
the cost of preliminary handling, drying, &c. The 
present exceptional price of coal of course puts a 
more favourable complexion on the matter. 

A gas-engine plant would require a subsidiary 
boiler section for raising steam for the producers, 
but, including this, the capital cost would be about 
two-thirds that of the steam generating station. 
In a gas-engine plant, for the same power, the cost 
of fuel would be halved, but there would result 
only half the amount of by-products, with conse- 
quently less revenue from this source. This, 
and the operating costs as well, would be about 
halved, and the net credit for the system would 
likewise be reduced about 50 per cent. Extra 
repairs and stores bring the operating costs of the 
gas-engine plant up to about the same as the steam 
plant with its boilers. Combining these factors the 
net cost with the steam power plant, using peat, 
for a 5,000-kw. station, may be taken as from 
4-941. to 11-371. per kilowatt-year, and with the 
gas-engine plant from 4-171. to 6-871., for a range in 
the price of peat of from 3s. 3d. to 6s. 6d. per ton 
(35 per cent. moisture), excluding some reduction 
as a result of revenue derived from acetic acid, 
methy! alcohol, &c., not taken into account. As 
the gas-engine station uses about half as much 
peat as the steam station, any rise in costs of 
preparing the fuel gives the gas-engine station the 
advantage, while the easily accessible de posits would 
last twice as: long. If it be merely a question of 
economical power production the gas-engine station 
has it, but if by-product recovery be the main 
point, and there is only a small market for the 











APRIL 9, 1920. ] 


ENGINEERING, 








power, the proposition is modified since the quanti- 
ties of by-products produced by such a plant are 
relatively small. In comparison with a coal-fired 
steam station with coal at 10s. per ton, the cost of 
peat (35 per cent. moisture) for the gas-engine 
station might rise to between lls. and 12s. per ton 
before competition from coal would affect it. How- 
ever, compared with a coal-gas-engine station the 
limiting price would be about 7s. 4d., or much 
the same as the limiting figure for the peat-steam 
station. 

If there is a ready sale for the power, and if 
transport on the recovery agents and the by- 
products is not excessive, the deciding factor will 
probably be the cost of coal in near-by industrial 
centres. In inaccessible places coal is naturally 
dear, but it is no use producing power with com- 
petitive fuels if the cost of marketing is to be 
excessive. In the Soudan a compressed papyrus 
fuel has been produced from the sudd, having a 
calorific value of 8,000 British thermal units, with 
a moisture content of 4 per cent., as compared 
with 94 per cent. as dredged. In such a district, 
with coal at its present figure, sudd fuel should be 
quite a reasonable proposition provided there is a 
local use for the power. But if either the power 
or the fuel itself has to be transported over long 
distances to market, costs are added up against 
the system, and the further it goes the more keenly 
the product has to compete with other fuels as the 
latter then become . correspondingly more easily 
obtainable. Each project must be judged on its 
particular merits. Relative values vary with 
locality to such a degree that it is impossible to 
generalise in trustworthy terms, 





THE CONSTITUTION OF COAL. 

THarT recent research on the constitution of coal, 
so far seems to complicate rather than to simplify 
matters, is neither an unusual, nor a really discourag- 
ing feature in research work. Yet the engineer 
may feel puzzled when he now reads that coal 
consists of fusain, durain, clarain and vitrain. In 
the bulk coal is undoubtedly carbon, the residue of 
the decay of plants incorporating part of the original 
elementary and compound constituents, organic 
and inorganic, as well as impurities and minerals 
subsequently infiltrated into it. In addition to 
carbon we always find hydrogen, hydrocarbons, 
further oxygen, nitrogen, &c., moisture, and a 
certain percentage of ashes. The amount of methane 
exhaled by the coal of this country under ordinary 
conditions would, it has been estimated, suffice to 
supply the country with power and light; but we 
neither know how to collect that methane, nor how 
it is evolved. 

Coal has, of course, been subjected to extraction 
with alcohol, acetone, pyridin, chloroform and 
other solvents, and by these means the “cellulosic” 
constituents have been more or less separated from 
the “resinous.” We are pretty certain, however, 
that the bodies so isolated need not be much more 
regarded as the original constituents of the coal 
than the tars and various other products of the 
destructive distillation. In these products different 
coal varieties differ very markedly. That even the 
ash contents of an apparently homogeneous piece 
of pure coal vary strongly in different portions of 
the piece has long been understood, and it is a 
source of both worry and consolation to the analyst 
whose percentages do not accord. The banded 
texture of all bituminous coal, which seems to be 
built up of a succession of (generally thin) dull and 
bright bands, had long been familiar to experts, 
before it occurred, about ten years ago, to investi- 
—— to base their studies on a separation of these 
ands, 

Quite recently Dr. Marie C. Stopes has attacked 
this problem from the standpoint of the micro- 
scopist and paleo-botanist, and to her is due 
the distinction of four visible “ ingredients ” in the 
Thick Coal, of Hamstead Colliery, to which she has 
viven the names fusain, durain, clarain and vitrain. 
Her research, communicated to the Royal Society 
last year,* was at once taken up in the Home Office 
Experimental Station at Eskmeals, in the Fuel 
‘esearch Laboratory at South Kensington, and in 





* Proceedings (B), vol. xc, page 470, 1919. 





private laboratories, and four papers on the subject 
have already been presented to the Chemical 
Society.* The engineer will, however, hardly be 
offered best vitrain, &c., for a long time to come 
yet; but he may like to understand the meaning 
of these terms. 

Dr. Stopes isolated her four ingredients from the 
same seam of thick coal, from blocks collected within 
a few centimetres of one another; other investi- 
gators have chiefly experimented with the same 
thick coal, and that restriction is unobjectionable 
for the present. The fusain, which approximately 
corresponds to the mother-of-coal or mineral 
charcoal of other workers, was obtained by lightly 
scraping such cleavage surfaces as had wedges of the 
material on them; fusain is a brittle, powdery 
substance. The firm, hard durain, the dull hard coal, 
or Mattkohle of others, was obtained in small blocks, 
dull but marked with fine hair-like bright streaks. 
The clarain has a subdued surface lustre, but is 
itself banded in more or less dull or bright streaks. 
The vitrain is brilliantly glossy and not banded, 
the fracture being conchoidal; the clarain and 
vitrain together would thus appear to correspond 
to the bright glance coal, or Glanzkohle, of other 
investigators. 

At Eskmeals, Drs. F. V. Tideswell and R. Vernon 
Wheeler submitted such samples to proximate and to 
ultimate analysis, to the action of various solvents 
and reagents and to distillation in vacuo, examining 
the gaseous and liquid products obtained and the 
residue. They found that fusain stands apart 
from the other three materials, which resemble one 
another more closely. Fusain contains more 
carbon and ashes, but less moisture, hydrogen and 
oxygen than vitrain, clarain and durain which, 
arranged in this order, show a decrease in moisture 
and oxygen, and an increase in carbon, ash content 
and also in the general reactivity to solvents, 
reagents and heat treatment. As regards coking 
the vacuum distillation did not yield a coherent 
coke in any case. 

The coking tests were carried further by Dr. 
R. Lessing, of High Holborn, in his small cylindrical 
silica retorts in which the material is heated while 
weighted by a loose piston within an electric furnace 
in such a way that the tar and gases can be collected 
and examined; this was done at 600 deg. and 
900 deg. C. The whole operation takes only a few 
minutes, and as there is a considerable temperature 
gradient—at any rate during the first minute or two 
—the primary decomposition products are condensed 
and react with the other particles, which were 
powdered to grains from 200 mesh down to 10 mesh. 
In this test fusain and durain underwent no outward 
change, whilst clarain and vitrain coked distinctly, 
and the latter showed the “‘mushroom” growth 
characteristic of some coals, that is to say, the coking 
mass swells upward into a neck lifting the piston. 
This swelling, which the Lessing test first brought 
out, confirms the view that coke is formed by the 
fusion of the coal, or by its solution in the tar and 
pitch primarily formed, followed by a decomposition 
of the fused and sintered mass. In the tars free 
carbon, suggestive of “cracking,” was present in 
largest amounts in durain. The experiments also 
suggested a catalytic influence of the ashes on the 
coking, and Lessing hence further investigated the 
mineral constituents, observing characteristic differ- 
ences. TheJast research we need mention was made 
by Dr. E. Sinkinson, at South Kensington, on the 
action of coal upon a photographic plate. The late 
W. J. Russell observed that coal, resin, &c., when 
placed on a photographic plate or near it in the dark, 
act photographically, provided that no screen (glass, 
metal, &c.) be interposed and that air or oxygen be 
present. Sinkinson found that oxygen was necessary 
in the dark (not in the light), that water prevented 
the effect, and that his various coals, as supplied or 
after heating up to 1,000 deg. C., and their con- 
stituents differed much, vitrain having the strongest 
photographic effect; the nature of the effect 
remains obscure, however. We have said enough 
to explain the new terms and the new method of coal 
research, about which more will be heard. 





* The _— mentioned were published in the Trans- 
actions of Chemical Society : Tideswell and Wheeler, 
June, 1919, pages 619 to 636; Sinkinson, March, 1920, 
pages 165 to 170; Lessing, ibid., pages 247 to 256 and 
pages 257 to 265. 


NOTES. 
Tue Water Suprty or Vicroria, B.C. 


The steady increase in the population of Victoria, 
British Columbia, has rendered the former water 
supply system inadequate, so that the city authori- 
ties have been obliged to undertake the construction 
of an entirely new scheme. After considering every 

ible source of supply, the scheme recommended 

Mr. Wynn Meredith, of Messrs. Sanderson and 
Porter, was adopted, since it seemed to meet every 
requirement, both with regard to present and future 
needs and freedom from contamination. For this 
scheme, which has recently been completed, Sooke 
Lake was used as a source of supply. The lake is 
situated at a distance of about 18 miles north-west 
of Victoria, at a height of 555 ft. above sea-level, 
this elevation being sufficient to deliver water to the 
city by gravity flow alone. The watershed area 
of the Sooke Lake is 30 sq. miles, and the equalised 
run-off from this area, in the driest season, is 
sufficient to supply the requirements for many years 
to come; the present requirements, it should be 
mentioned, amount to 16,000,000 imperial gallons 
daily. A dam has been constructed at the outlet 
of the lake to raise the water level by 12 ft., and this 
provides a storage capacity of 3,355,000,000 im perial 
gallons. From the lake the water is conveyed a 
distance of 27} miles through a reinforced concrete 
pipe, to a storage basin formed by a concrete dam, 
the crest of which is at an elevation of 380 ft. above 
sea-level. The area of this basin, which is known 
as the Humpback reservoir, is about 40 acres, and 
its capacity is 126,000,000 imperial gallons. From 
the reservoir the water is delivered to the city, a 
further distance of 10} miles, through a riveted steel 
pipe 36 in. in diameter. The concrete pipes, above 
referred to, form an interesting feature of the work. 
They were, for the most part, 3 in. in thickness, and 
were cast in 4-ft. sections at a central mixing plant, 
in forms carried on cars. The forms used were of 
steel plate made in sections for easy removal, and 
after being coated with oil, they were set up on a 
bell-end baseplate, and the steel wire mesh rein- 
forcing material was placed in position. The 
concrete having been poured and tamped, the 
forms were moved on the cars to sheds, where, 
after being steamed for 3 hours, the forms were 
removed, and the pipes shifted to another shed for 
a further 4 hours’ steaming. The pipes were then 
lifted from the cars by a crane, and rolled into a 
yard for curing. The object of the steaming treat- 
ment was to hasten the setting of the concrete so as 
to release the forms as rapidly as possible, and also 
to reduce the time required for curing. The joints 
between the sections were of the interlocking type, 
giving a smooth internal surface. In joining the 
sections the bare reinforcement projecting at the 
ends was lapped together and locked by cement- 
mortar used to fill the joint. Forms composed of 
removable flat bands of sheet metal expanded against 
the inner surface of the pipe were used in pouring 
the joints. In crossing large valleys pressure pipes, 
or inverted syphons, were used, and the pipes for 
these were made 4} in. thick and had additional 
reinforcement of steel rods to resist the higher 
pressures. Reinforced concrete trestles were con- 
structed to carry the pipe over small valleys. The 
whole of the work was carried out under the personal 
supervision of Mr. Meredith, with the co-operation 
of Mr. C. H. Rust, the Water Commissioner of 
Victoria, and his assistants. 
JupiciaL INTERPRETATION OF THE WORKMEN'S 

CoMPENSATION AOT. 


In our last issue we referred to the House of 
Lords’ judgment in the Workmen’s Compensation 
case of Redford versus Sir W. G. Armstrong, Whit- 
worth and Co., Limited, as being likely to create 
further uncertainty as to the scope of the Workmen’s 
Com tion Act, 1906. Renewed consideration 
of the judgment tends to confirm us in this opinion. 
It will be remembered that an employee of the 
company left the works at the dinner hour, and 
proceeded a few yards along a public street to a 
canteen which belonged to the company, and, 
after having her dinner there, was in the act of 
descending the stair from the canteen to the street 
when she slipped and broke, her ankle. If the 





opinion of Lord Finlay and Lord Dunedin had 
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prevailed, viz., that as she was under no obligation 
to go to the canteen, and during the dinner hour 
was entirely her own mistress, the accident did not 
arise out of and in the course of her employment, 
it would have been clearly established that in cases 
of this kind when once an employee is clear of the 
works he is for the time being no longer in the 
course of his employment and if he thereafter meets 
with an accident while going to his dinner or while 
taking it or returning from it, he cannot obtain 
compensation from his employer in respect of it. 
In other words, the boundary line of the course of 
the employment would have been clearly drawn, 
and in any given case it would have been com- 
paratively easy to say on which side of the line the 
case fell. The view of the majority of the judges, 
however, viz., that it was justifiable to hold that 
in dining at the canteen, or at least in leaving it in 
order to return to her work, the claimant was doing 
something ancillary to her employment, and the 
accident therefore arose out of and in the course of 
her employment, makes it almost impossible to lay 
down any clear line of demarcation, and will probably 
lead to further litigation in future cases. Suppose, 
for example, that a workman’s home is situated only 
a few yards away from the works gate, and that, 
having gone home for his dinner at the meal hour, 
and being in the act of leaving his house in order 
to get back to his work, he slips on his own doorstep 
and injures himself, would an arbitrator be justified 
in holding that what the man was doing at the 
moment of the accident was ancillary to his work 
and that his employer was liable for compensation ? 
Or if a worker goes home, say by tram car, for his 
dinner, and, when the car, on his return journey, is 
nearing the works gate, jumps from it on to the 
street and accidentally injures himself, have his 
actions been ancillary to his employment, even 
although not within what is termed the ambit of it, 
and is he entitled to compensation ? Many forceful 
arguments could be adduced against a claim in such 
circumstances, but they could be applied equally 
against the claim in the canteen case, the only 
differentiating circumstance—and it seems 
immaterial—being that the canteen belonged to 
the injured person’s employers. It is doubtless but 
right that the Workmen’s Compensation Act should 
have been construed in a manner favourable to 
those whom it was intended to benefit; but it 
is well known that for many years one favourable 
construction has led almost inevitably to another, 
until cases are now held to be covered by the Act, 
to which, when it was originally framed, no one 
could ever have dreamt that it would apply. Even 
murder has been held, in one case, to be an accident 
within the meaning of the Act; and it may be 
feared that as a result of the present judgment the 
Courts will find themselves driven to others even 
more astonishing. 
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In recommending this work to the public, the 
publishers announce that 19,000 copies were 
bought by trade unionists prior to publication. 
Apart from the well-recognised reputation of the 
authors, such information is equivalent to declaring 
that this work may be regarded as representing the 
views that the trade union movement wishes to be 
accepted as authentic. An able advocate has pre- 
sented the case of his clients in the most telling 
aspect, has arranged his facts in, the most plausible 
manner, and given thorough and efficient support 
to the aims and measures of the leaders of a great 
party. It is essentially an ex parte statement, but 
that is not without its advantages. Without 
ambiguity, we learn what theories this party holds 
of society and their schemes for improving it. We 
are sure, too, that the most indulgent view is taken 
of any errors of conduct or of policy that have been 
committed, and we are afraid we may add that 
any extenuating circumstances opponents might 
urge have been rigidly suppressed. 

otwithstanding all this the book is very 
vaiuable, the collection of facts indicates great in- 
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dustry, some repetition may be inevitable, but the 
manner of presenting the history is admirable, and 
notwithstanding its great length the interest is 
sustained throughout. Certainly the authors have 
had a great opportunity, for they describe a struggle 
perennial in its action, a conflict that never relaxes, 
but grows more insistent with time, a progressive 
development in social politics that influences our 
daily lives, and whose ultimate issue we can only 
guess. 

It matters little in this issue whether trades 
unions are or are not the consequences and the 
successors of medizval craft guilds, or whether any 
relation can be traced between the circumstances 
that originated the one-or gave rise to the other. 
Only a languid academical interest can be taken in 
such questions, when possibly in these latest stages, 
mutually destructive forces are engaged in a bitter 
and deadly struggle. Combination to secure a 
desired result in face of organised opposition is an 
inevitable consequence of social relations, and little 
is to be gained by following the movements of alli- 
ances or of factions through past centuries. The 
policy and the change of policy by which the trade 
union movement, as we know it, has sought to secure 
its aims, is a quite large enough theme. At times, 
the development grows quicker and more dramatic, 
but of the movement itself it may be said that the 
more it changes the more it remains the same thing. 
Mr. and Mrs. Webb assert that the fundamental 
and constant purpose of the union has been, and 
remains, the protection of the standard of life, or 
the organised resistance to the continuance of those 
conditions which tend to the degradation of the 
wage-earners as a class, though one may doubt 
whether such a definition will embrace the whole 
gamut of discordant cries dinned into our ears daily 
by the supporters of ambitious, and perhaps irrecon- 
cileable, programmes, bearing the imprint of some 
loudly advertised trade congress. 

“The authors take the view—and while it is certainly 
convenient as a means for arranging and clarifying 
a history of mixed motives and divided purposes, it 
contains probably a profound historic truth—that 
two distinct types of combination, seeking separate 
objects, can be traced throughout the whole trade 
unionist movement. One or other of these two 
types can be seen alternately taking the more pro- 
minent part with a rhythmical swing, and, as one 
displaces the other, the older order passes, and a 
crisis becomes more or less marked. At one time 
the objects of the union wore the guise of a benefit 
club, and this was the form that Francis Place 
approved and for which he fought with vigour and 
success. Later, Robert Owen gave to the world his 
“ great secret’ and bald fallacy that “labour is 
the source of all wealth ” without adding, as Hobbes 
did, that labour was the real measure of value. 
Stirred by this half truth, he urged the necessity of 
a revolutionary and universal communism. Twenty 
years later the leaders, mistrusting crude Owenism, 
resuscitated an elaborate trade friendly society, 
and in those days it was confidently assumed that 
the trade unions of Great Britain would furnish an 
impenetrable barrier against the onrush of socialistic 
projects. Again, the kaleidoscope is turned, and a 
different arrangement of the familiar formulas is 
effected. New constructions are placed on old 
shibboleths, and the more progressive members 
plume themselves on eliminating from their brand 
new organizations the enervating influences of 
friendly benefit. But up to the end of the last 
century, the main body of unionists made no claim 
to participate in the technical processes of industry 
outside the conditions that governed the wage- 
earners’ working life, still less did they desire any 
power over, or any responsibility for, the purchase of 
raw material or the marketing of the products. 
Once again the scene shifts, a more aggressive tone 
possesses the leaders of trade unionism, and a claim 
is made of a moral right to manage industrial rela- 
tions, as they alone know how, coupled with the 
confident assertion that such interference would be 
to the advantage of the community. The direct 
supersession of the capitalist system in each work- 
shop and in every industry by the organised workers 
is a prominent article in the revolutionary creed of 





many, and whether we are destined to see this phase 
| pass away as harmlessly as other subversive ambi- 








tions, equally terrifying in their day, is a problem 
that must remain on the knees of the gods. 

The machinery devised for the achievement of the 
common object has varied with the time and the 
object to be gained. The weapon of the strike, for 
example—the dominating feature that has impressed 
itself on the public mind—has been very variously 
estimated in deciding the policy of the organization. 
The disciples of Owen saw in the strike a means 
“that without violence or conflict would bring down 
all existing institutions.” It was long the favoured 
instrument for compassing the defeat of the em- 
ployers in “collective bargaining,” but with the 
downfall of Owenism and of Chartism, this plan fell 
into disrepute. More than one society cautioned 
their members against the dangerous practice of 
striking. The Stonemasons’ Committee wrote, “ We 
implore you, brethren, as you value your own exist- 
ence, to avoid in every way possible those useless 
strikes.” In 1849, the Liverpool Lodge declared that 
“ our society no longer recognizes strikes, either as a 
means to be adopted for improving our condition, 
or as a scheme to be resorted to in resisting infringe- 
ments.” Other societies denounced strikes as “‘ the 
bane of trades unions.” Later the strikes came 
again into favour as a coercive measure, and the 
beginning of this century witnessed a series of 
exasperated contests, pursued with the intention of 
preventing the members entering into long-term 
contracts, of wresting additional concessions from 
employers, and finally of making the trade union 
movement supreme, by compelling every workman 
to join the union. Finally, the strike, and the 
threat to strike, have been employed to force on 
Parliament or the Government the adoption of a 
policy, other than that which the properly accredited 
representatives of the people approve. “ Direct 
action” as the phrase runs, is regarded by many 
as the most potent weapon in the whole armoury of 
revolt that can be wielded by the workers as workers. 

The authors of the book with which we are 
dealing, labour to show that the policy of the 
advocates of “direct action” indicates no change 
of thought in the trade union world with regard to 
the use of the strike weapon. The argument and 
the past history of the movement alike show that 
in time of conflict, when passions run high, those 
tactics and weapons will be used that offer the 
greatest chance of success with little regard to justice 
or consequences. In the latter half of the nineteenth 
century strikes had not proved the competent 
weapon their advocates anticipated, and they were 
discredited, but the same machinery wielded by 
greater numbers and with greater disregard for 
the convenience of a non-participating public, 
promises greater effectiveness, and the old armour 
repolished and strengthened is again brought 
into use in the hope of inspiring terror in the 
supine ranks of ordered society. The authors 
are no doubt sincere when they write “ With 
regard to a general strike in favour of a par- 
ticular home or foreign policy, we very much doubt 
whether the Trade Union Congress could be induced 
to endorse it, or the rank and file to carry it out” ; 
but we cannot subscribe to this view. To entertain 
any such doubt seems an invitation to enter in a 
fools’ paradise. 

In studying the detailed pages of Mr. and Mrs. 
Webb, one is surprised to find that the movement 
has produced no eminently great man. No Pitt or 
Bismarck has inspired the policy, no Washington 
or Cromwell has led undisciplined hordes to con- 
summate victory. Successes have been the conse- 
quence of the combination of small increments, often 
grudgingly rendered, but always tenaciously held. 
Untiring energy, rather than brilliancy or originality, 
has guided the counsels and nerved the arm that 
has fought vested interests, and, at times, selfish 
rapacity. One of the most original geniuses was 
Robert Owen ; though wanting solidity and unsound 
in theory, he had many of the qualities that make for 
successful leadership. Francis Place, able tactician 
and keenly persistent, is typical of the leaders that 
have directed the fortunes of trade unionism in 
the last 100 years: his name deserves to be held 
in high esteem. William Allan, plodding and 
methodical, but trustworthy and sagacious, was not 
capable of a wide outlook. He did good work in 
unexciting times, but carried petty precision to 4 
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fault and exhibited a huckster’s spirit in his solicitude 
to inerease the society’s funds. Robert Applegarth, 
sound and cautious, practical and conciliating, 
employing the machinery of the movement to 
worthy ends, was an exceedingly useful man, but 
to this generation his name is hardly known. Many 
other worthies have crossed the stage who might 
be recalled with gratitude, but hardly with admira- 
tion. What will be said of later demagogues as 
Tom Mann, Robert Smillie, and others of the 
Boanerges type, it is not possible to conjecture. 
Their fame must rest on their ultimate success and 
their names may be either execrated or revered ; 
apparently there is no room for them among well- 
intentioned, able, mediocrities, into whose labours 
they have entered and whose machinery they 
mishandle. 

Times of stress—and the trade union movement 
has not been without such epochs, when the position 
considered secure and lasting, but resting on an 
insufficient legal foundation, tottered under the blows 
of astute adversaries—are calculated to bring to 
the fore men of capacity and genius. But at such 
times the trusted advisers and staunch champions 
of the cause have been found outside the ranks of 
trade unionism. Such an occasion was presented in 
1867, when the decision of the judges on the con- 
struction of the Friendly Societies Act shattered the 
feeling of security which the trade unions fondly 
nourished, and deprived the organisation of legal 
protection. It was men of the calibre of Frederic 
Harrison, Godfrey Lushington, and “'Tom Hughes,” 
men trained in quite other schools, who came to the 
assistance of trade unionism in its hour of trial, 
and by their ability and resource succeeded in under- 
pinning the structure and maintaining its status. 

The authors are perfectly aware that the cause has 
suffered from the want of efficiency in the officers 
responsible for the conduct of affairs. Accident, 
popularity, passing caprice, have led to the selection 
of ill-trained and inexperienced men for responsible 
posts. Under the system in operation there is no 
guarantee for any unity of policy, and it would 
seem that each official, in order to justify his election, 
is anxious to display his capacity by fighting for his 
own hand. To efface himself by accepting a sub- 
ordinate position as a member of a team appeals 
neither to his judgment nor his ambition. Great 
diversity of interests, therefore, interferes with the 
onward progress of the corporate body as a whole. 
The efficiency of the internal government demands 
the sinking of the individual in the Party, and this 
is a necessary sacrifice that the majority of the 
officials seem unwilling or incapable of making. 
The authors sum up the situation by saying: “ From 
the standpoint of corporate efficiency, the drawback 
is that the sectional divergencies are always 
interfering with the formulation and unhesitating 
execution of decisions on wider issues, on which it 
would be advantageous for the movement as a 
whole to have an effective general will.” 

The Labour Party, who sit in the seats of the 
mighty and guide the destinies of Empire, have 
shown the same incapacity in the art of government. 
They have never urged a constructive, intelligent 
policy, never put before the country the main out- 
lines of a programme, based on the broad creed and 
distinct aims of the party. Vague and pious aspira- 
tions desiring to eliminate the capitalist profit- 
makers and to give free scope to communal and 
industrial democracy figure as planks in the labour 
platform, but the machinery for accomplishing these 
ends and providing a working scheme for their 
attainment has never been elaborated. It is easier 
to destroy than to construct, and the talents of the 
Labour Party have been concentrated on the more 
facile programme. The want of discipline and the 
divergence of interests no doubt interfere with the 
appearance of any preliminary and authoritative 
outline, but seeing how near the Labour Party are 
to achieving the position of His Majesty’s Govern- 
nent, such indecisive leadership and want of har- 
mony are to be regretted. The prospect of divided 
counsels when unanimity is desirable is shown by the 
simultaneous existence of three bodies, apparently 
of co-ordinate authority, in determining a proposed 
policy: the Parliamentary Committee of the Trades 
Union Congress, the Executive Committee of the 
Labour Party, and those members of the House of 


Party. The candid historian regretfully admits 
that “ between these three groups there has been 
some lack of mutual consultation, and an indefinite- 
ness if not a confusion of policy, which stands in the 
way of effective leadership.” 

With the record behind the trades union of 
improvement and prosperity, a record on which the 
authors look back with pride and satisfaction, it is 
hard and perhaps unwarranted to conjure up a 
period of deterioration in the near future, but the 
progress of the country in the past has been effected 
by leaving capital to find its legitimate opportunity, 
commodities their fair price, industry and intelli- 
gence their natural reward, and idleness and folly 
their natural punishment. There are not wanting 
signs, that an untried and reckless policy will not 
foster these same factors that have promoted 
civilization, but will substitute a system of 
administration in which the dictates of prudence 
and the teaching of experience will have little 
consideration. 





INDUSTRIAL NOTES. 

Tue Executive of the Miners’ Federation have 
recently distributed the following circular throughout 
the mining districts of the\ United Kingdom':— 

“Totthe members of the Miners’ Federation of 
Great Britain,—The application for an advance in 
wages for all our members of 3s. per shift flat rate for 
persons over 16 years of age, and 1s. 6d. per shift flat 
rate for persons under 16, to date as and from March 1, 
1920, has been placed before the Government. The 
Government have not accepted our proposals, but have 
made the following offer: An advance shall be granted 
of 20 per cent. on gross earnings (exclusive of war 
wage and Sankey wage), so, however, that no person 
of 18 years or upwards shall receive a less advance than 
2s. per shift worked or per day worked, no person 
under 18 years of age, but not under 16 years of age, 
a less advance than ls. per shift worked or per day 
worked, and no person under 16 years of age a less 
advance than 9d. per shift worked or per day worked. 
The advance shall apply to all classes of colliery workers 
employed in coal mines, or at the pit head of coal 
mines, whose wages have hitherto been regulated by 
the movement of wages in the coal-mining industry, 
and shall take effect on and from March 12, 1920. 
The effect of the Government proposal is: That should 
the 20 per cent. advance upon the gross earnings (less 
war wage and Sankey wage) of any workman result in 
less than 2s. per shift for those of 18 years and upwards, 
ls. per shift for those between 16 and 18 years, and 
9d. per shift for those under 16 years, the workmen are 
guaranteed these advances in every case. The difficulty 
of extending any wage advance to those of our members 
who are in industries which are not under Government 
control will be overcome by the National Federation 
at once sending in claims to the owners of iron ore 
mines, coke and by-product works, and all other 
concerns who do not regulate their workmen’s wages 
through Coal Mines Conciliation Boards. In the 
event of any of these owners refusing to concede any 
advance which may be accepted by the miners, pro- 
vision will be made by the Federation for securing 
it, as and from the date from which the miners secure 
their advance. On behalf of the Executive Committee, 
Frank Hopags, General Secretary.” 

In the meantime, the ballot on the Government’s 
offer is p ing. 





Speaking last week, in London, at the twentieth 
annual general meeting of Metropolitan-Vickers 
Electrical Company, Limited, Mr. J. Annan Bryce, 
the chairman, referring to the moulders’ strike, said 
that the relations between the management of the 
company and the moulders were perfectly satisfactory, 
as was shown by a small but significant fact. Their 
moulders, before they left after being called out by 
the union, took the trouble to clean up the factory, and 
since they had returned to work they had done their best 
to increase their output, and so to restore the equili- 
brium of the work in progress in the shops. The result 
of the moulders’ strike had been to militate seriously 
against the country’s quick recovery from the war, and 
unhappily its evil effects would continue to be felt 
for many months to come. 

While they had so far been exempt from individual 
trouble, the difficulties inherent to the general attitude 
of labour affected them as they did all industries. There 
was a large drop in the output per man employed. At 

resent they were suffering from a shortage of male 
bour. The number of men and women workers, exclu- 
sive of those on the staff, was 4,791 on December 31— 
nearly 2,000 less than it was before the moulders’ strike. 
The numbers were being gradually built up again, and 
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inadequate for the business, and the¥ management 
was uncertain whether, notwithstanding the large 
number of men shown by the unemployment returns to 
be without a job, it would be able—notably in the case 
of certain departments where special skill was required 
—to secure the number wanted to deal with the 
increasing business. The difficulty was partly caused 
by the housing question, 

The average weekly earnings had risen as follows 
during the period 1912-19: Males, from 27s. 6d. to 
61s. ; women, from 12s. 2d. to 37s., the figures including 

, girls, and night shifts. The earnings of the males 
did not rise in the year 1919, owing to the absence of 
overtime and piece work. Another difficulty to 
contend with was the delay in the supply of material. 





Mr. H. Bootham, secretary of the Lancashire Opera- 
tive Cotton Spinners’ Amalgamation, has sent to the 
Federation of the Master Cotton — ers’ Association 
aclaim for an increase in wages to date as from April 30. 
The claim is for an increase of 60 per cent. on current 
wages and payment of full spinning rates for the summer 
holidays. It is further stated that any agreement 
arrived at shall only be provisional, and the operatives 
reserve the right to repudiate the agreement in the 
event of any other section of workers being granted 
more favourable conditions than those which may be 
embodied in any such provisional agreement. This 
60 per cent. increase on current wages would mean an 
increase of about 145 per cent. on standard list rates ; 
since the present wages are 145 per cent. above the list, 
the new claim would give a total increase of close upon 
300 per cent. The question is being considered by 
the masters. The application oat affect about 
90,000 operatives. It is stated that the Cardroom 
Amalgamation is putting forward a similar claim. 





We referred, on page 226 ante, to the sittings of the 
Court of Inquiry into the wages and conditions of dock 
labour. The y Bova of the Court was issued on 
March 31. The majority report, signed by Lord Shaw 
of Dunfermline, Sir L. Fletcher, Mr. H. Gosling, 
Mr. A. Pugh, Mr. J. Smethurst, Mr. B, Tillett and 
Mr. R. Williams found, briefly: (1) That with a view 
to establishing a national minimum standard (to use 
the words of the claim) the minimum for day workers 
and piece workers shall be 16s. per day on the basis 
of the national agreement for the 44-hour week; 
(2) that a system of registration of dock labour should 
be introduced into all the ports, docks and harbours 
of the kingdom ; (3) that the principle of maintenance 
of unemployed casual labour is approved; (4) that 
wages of dock labour should be paid weekly, and that 
this system should be introduced at the earliest possible 
date; (5) that the constitution of a national joint 
council and its correlative and local bodies should be 
undertaken for the dock labour industry on the lines 
of the report of the Whitley Committee; (6) that 
these bodies should, failing agreement by the parties, 
be charged with the settlement of the incidental 
matters mentioned in this report and of the remaining 
items of claim. There was also a minority report 
signed by Sir J. G. Broodbank and Mr. F. Scrutton. 
These two gentlemen declared that the 16s. minimum 
will entail such grave consequences to industry that 
they did not feel justified in signing the majority report. 
The delegates of the unions concerned met in London 
on the same day as the decision was issued, when | 
passed a resolution expressing their satisfaction wit 
the majority report and resolving to accept it in 
settlement of their claim. 





The annual report of the Republic Iron and Steel 
Company shows, says 7'he Iron Age, New York, that 
for every dollar of gross sales nearly 47 cents. went 
into the pay roll in 1919. In 1918, for every dollar 
of sales 31-6 cents went to the employee in wages. 
In 1917 the pay roll percentage of sales was 22-4, 
in 1916 24-2, and in 1915 28-6. The average pay per 
man in 1914 was 766 dols., and in 1919 1,822 dols., or 
an increase of 138 per cent. There would be no 
quarrel with this advance, says our American con- 
temporary, if there were some corresponding increase 
in the output per capita. In 1919 the gross sales 
amounted to 3,900 dols. per employee, while in 1918 
the gross sales per capita figured at 5,130 dols., in 
1917 5,400 dols., in 1916 4,050 dol.., and in 1915 
2,700 dols., the last being a year which the average 
— on shipment were low. Wui « ‘lese figures show 

ow much less in value were the sales yer man employed, 
an estimate of the actual tonnage is .nore specifically 
illustrative of diminished unit output. Since 1915 
and 1916, a diminishing scale of outjut is shown. 
This is partly to be attributed, of course, to a reduction 
in the amount of heavy tonnage products, porticularly 
in the last year when the variety of normal demands 
of peace time brought about some reduction in per 
capita output. On the basis of the total production of 
crude products (which it must be emphasised is not 





at present reached 5,700—alfigure, however, which was 


actual, but merely selected as a means of measurement), 
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the oulget was 99 tons per man in 1919, 108 tons in 
1918, 113 tons in 1917, 134 tons in 1916, and 142 tons 
in 1915. The large amount of the income which 
went into the hands of labour and the diminishing 
production, partly through the greater diversification 
of the demand, but also because of the continuing 
prevalence of the war spirit and its unrest, are indicative 
of the difficulties which at least some of our steel 
producers have had in conducting a profitable business, 
even under advancing prices. 





According to a report drawn up by the Ministry 
of Labour on “ Profit-Sharing and Labawr Co-partner- 
ship.in the United Kingdom,” the number of schemes 
in existence on October 31, 1919, so far as reported to 
the Ministry, was 182; the number of employees 
employed by the firms having these schemes was about 
250,000. The 182 schemes in question were the 
survivors of 380 schemes which had been started at one 
time or another since the year 1865, there being an 
isolated example in 1829. This shows that just. over 
one-half of all the known schemes have come to an 
end. The average life of the abandoned schemes was 
about eight and a-half years. 





The last bi-monthly report of the Midland Iron and 
Steel Wages Board, which covers a portion of the period 
since values were revised to meet the higher railway 
rates, shows a substantial advance in selling prices. 
The average for 17 firms, upon whose returns the 
sliding scale is based, was 25l. 13s. 7d. per ton, or an 
increase of 30s. 9d. over the preceding two months. 
Plates and sheets showed the largest proportionate rise, 
the current price being 28/. ls., as against 251. 19s. 
Bar iron had risen by 288. 6d. to 251. 10s.: angles and 
tees by nearly 26s. to 261. 10s.; hoops and strip by 
378., to 251. 17s. The output had fallen by 1,000 tons. 
Under the sliding scale wages are raised by 15 per 
cent. The Board represents firms in Staffordshire, 
Shropshire, Lancashire, South Yorkshire, Derbyshire, 
North and South Wales and Cheshire. 

The Russian Soviet Government, says T'he Observer, 
is rapidly enforcing its policy of conscription of labour 
for industrial purposes. This conscription takes two 
forms: (1) The transformation of the old fighting 
revolutionary armies into armies of labour, and (2) the 
introduction of compulsion into and the militarisation 
of ordinary industry. Lenin is reported to have 
recently stated that “ only by military tactics shall we 
suc in saving the State from economic ruin.” 





A conference of the National Amalgamated Union 
of Enginemen, Firemen, Mechanics, Motormen and 
Electrical Workers opened last Monday at Southport, 
there being 200 delegates, representing 40,784 men, 
from Lancashire, Yorkshire, the Midlands, London, 
Liverpool, and South Wales, Mr. G. Parker, the 
general secretary, Rotherham, stated that the out-of- 
work benefit reached the abnormal figure of 7s. 1-21d. 
per member, which was an increase of 6s, 7-5ld. per 
member. He added that unfortunately there was a 
general disposition amongst the workers to estimate 
the value of a trade union from the standpoint of cash 
benefits provided by the rules, and to value the worth 
of the union by its capacity to pay out money on every 
conceivable occasion. Members seemed to be under 
the impression that the rules ought to be stretched 
beyond the spirit and intention in which they were 
drafted in order to provide cash payments whenever 
members cared to make a demand. Of the 8,499i. 
paid in ‘“ lock-out benefit’ last year, not one penny 
could be'said to have been paid out under the original 
conception of what was recognised as a “ lock-out.” 
The out-of-work benefit as provided in the rules was 
never intended to apply to cases of extended holidays, 
and if financial stability was to be assured in order that 
the union could guarantee benefit to members who 
were bona fide out of work, there would have to be a 
tightening up of the rule in this particular or a con- 
siderable increase of contribution. Whilst their funds 
had increased by over 12,0001. during the year, their 
relative worth was less by 5s. per member than it was 
at the end of 1918. 








Prersonat.—Mr. F. Wood, who has for many years 
past represented the Consolidated Pneumatic Tool 
Company in India, will shortly return to England and be 
located at the company’s head office in London. The 
representation of the company will be taken over by 
Mr. Roland Jones, who was an officer in the British 
Army during the war, and, previous to this was with the 
Great Indian Peninsular Railway. Mr. Jones is at the 
company’s Bombay office, situated at Pathe Building, 
Ballard Pier Fort, Bombay.—Mr. G. P. Mair, states that 
he has given vp the position of London Manager with 
Mes rs. Richars Garrett ani Sons, Limited, and has 
coined Messrs. Vickers-Petter:, Limited, 117-123, Great 
Portiand-street, W. 1, where he will be connected with 
the sales of the oil engines manufactured at their 
Ipswich works, 
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27 29 2 11 ‘2 






6292.8) : 


Notz.—In the diagrams the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for fine a7 ” and “standard” metal respectively. The prices shown 
for lead are for English metal, whilst those for spelter are for American metal. Middlesbrough prices are 
plotted for steel plates and rails, and also for hematite and Cleveland pig iron. The prices given, in the case 
of steel plates, are for ship, bridge, and tank qualities, and those for steel rails are for heavy sections. The 
pig iron are for East Coast hematite and Cleveland iron, both of No. 1 quality and for home consump- 
tion. © price of tin-plates is per box of 1.C. cokes free on board at Welsh ports, but in all other cases 
the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal lines 
represent Il. each, except in the case of the diagram relating to tin-plates, where they represent ls. each. 
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NATIONAL FEDERATION oF IRON AND STEEL MANv- | numerous problems affecting the iron and steel trades in 


¥ ACTURERS.—The annual general meeting of this federa- 
tion was held at the Hyde Park Hotel, on March 25, under 
the presidency of Mr. G. Scoby-Smith. It was pointed 
out in the annual report that the federation now repre- 
sented 85 per cent. of the total iron -producing capacity of 
the country, and 97 cent. of the total steel-producing 
capacity. It had, also, during the past year dealt with 


connection with labour, transport, coal and coke supplies, 
iron ore, &c. The federation had, in addition, compiled 
statistical returns of production of iron and steel for 
monthly publication. The meeting then ado 
several resolutions upon subjects of interest to the iron 
and steel trades, rte ws with export, prices, fuel, trans- 
port, nationalisation, &c. 





THE LATE MR. HARRY SAMUEL 
BICKERTON BRINDLEY. 


WE regret to have to record the death, which ocourred 
on March 28, at his residence, 49, Ashley Gardens, 8.W.1, 
of Mr. H. 8. B, Brindley, only three days before his name 
a on the list of newly-created Knight Comman- 
ders of the British Empire. Mr. Brindley was born at 
Handsworth, Birmingham, in Se ber, 1867. He 
was the son of Mr. G. 8. Brindley, engineer and mechanical 
instructor at the Japanese Imperial College of —- 
ing, Tokio; his t uncle was Mr. James ndley, 
the well-known English canal engineer. Mr. Brindley 
studied at the Tokio Engineering College, which he left 
in 1883 to serve his apprenticeship from that date to the 
year 1888 with Messrs. Tangyes, Limited, Birmingham, 
in whose works he reached the position of senior draughts - 
man. In 1888, he designed and carried out important 
engineering work in connection with projectile and 
vessel plant, and solid-drawn tube mills for another 
Birmingham firm. From 1889 to 1893, he was employed 
as engineer, with Messrs. Thomas Firth and Sons, Limited, 
Sheffield, where he was associated in the design of their 
3,000-ton forging — and new gun shop, and was in 
complete charge of one of their shell departments. 

During 1893 and 1894 he was manager with Messrs. 
Henry Berry and Co., Limited, Leeds. From 1895 down 
to 1907, Mr. Brindley acted as consulting engineer and 
technical representative in Japan, where his work was 
very largely the designing of hydraulic machinery for 
the Government, and the opening up of engineering 
business connections between British firms and the 
Japanese Government. In the latter year, Mr. Brindley 
returned to England and started as a consulting engineer 
in Westminster, then he carried out important work in 
facilitating the patenting of British inventions in Japan ; 
in this connection, we may add that he was one of the 
few Europeans who had ever been allowed by the 
Japanese Government to hold the position of Japanese 
Patent Attorney. 

At the outbreak of the war, Mr. Brindley was London 
manager of the Rees Roturbo Company, Limited, of 
Wolverhampton. Owing to his enterprise this com- 
pany acquired a disused artificial stone factory at 
Ponders End, in which there were one or two hydraulic 
presses, and commenced there the manufacture of shell. 
His enormous energy and driving power, supplemented by 
financial assistance from the Government, resulted in 
establishing in an incredibly short time what was practi- 
cally the first factory to have any considerable output of 
8-in. howitzer shells. Subsequently, the manufacture of 
shells was subordinated to that of 6-in. howitzer guns, but 
before the change was made the factory had a staff of over 
5,000 hands, and a weekly output of over eight thousand 
8-in. shells, two hundred and fifty 12-in., and about four 
thousand 6-in., in addition to large quantities of forgings 
for other factories. To create such a factory, starting 
with nothing in the way of staff or organisation, or 
precedent, was a task which could. only have been 
accomplished by a very exceptional man, which Mr. 
Brindley in certain respects undoubtedly was. Auto- 
cratic, and at times almost despotic in his manner, he was 
nevertheless generous to a degree and incapable of any 
meanness in thought or action. He spared neither 
himself nor others in his efforts to supply the shell so 
badly needed during the early months of the war, and 
the country owed much in those days to men of Mr. 
Brindley’s type. 








Tue Heavy anp Licut EnGIngertnc TRADES oF 
SHEFFIELD.—Two illustrated pamphlets have recently 
been issued by the Development Committee of the 
Sheffield City Council, describing, as their title implies, 
the activities of Sheffield works in the manufacture of 
heavy and light machinery and steel machinery parts. 





THe Witsur Wricst Lecture.—H.R.H. Prince 
Albert has graciously consented to preside at the next 
Wilbur Wright lecture, which is delivered annually under 
the auspices of the Royal Aeronautical Society. The 
lecture this year will be by Commander J. C. Hunsaker, 
U.S.N., on the subject of ‘‘ Naval Architecture in 
Aeronautics,’’ and it will be given at the Central Hall, 
Westminster, at 8 p.m, on Tuesday, June 22. 


Jotnt Roaps Commirrer.—All work hitherto per- 
formed by the Joint Roads Committee relating to 
public highways, has been transferred as from March 31, 
to the Ministry of Transport (Roads Department), 
7, Whitehall Gardens, London, 8.W. 1, with the excep- 
tion of the settlement of claims in respect of third party 
timber traffic. ‘lhese claims will continue to be dealt 
with by the Joint Roads Committee as heretofore. 


AEROPLANE SpeED Recorp._-We are informed that 
the aerial speed record for the flight from Rome to Turin 
has been broken by Lieutenant Brack-Papa in an A.R.F. 
biplane constructed by the Fiat Company and equipped 
with a 750-h.p. twelve-cylinder Fiat engine, he 
machine sta: from the Mirafiori aerodrome, in the 
suburbs of Turin, at 11-45 a.m. on the 5th inst., carrying 
two ngers in addition to the pilot, and landed on the 
Centocelle ground, just, outside Rome, at exactly 2 p.m. 
The intervening distance of 388 miles was thus covered 
in 2 hours 15 minutes, the average speed being just over 
172 m.p.h. A few days previously the same machine 
was officially timed over the Mirafiori aerodrome, and 
found to give an. average 8 of 161‘5 m.p.h. with 
four ngers and a pilot. In this flight effects 
of wind were, of course, eliminated, and the speed 
attained, we understand, constitutes a world’s record, 
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“THE DEVELOPMENT OF METAL CON- 
STRUCTION IN AIRCRAFT.” 
To Tae Epriror or ENGINEERING. 

Srr,—As one of the two investigators responsible for 
the testing at gn amg University of the spars dealt 
with by Major Nicholson in his paper, [| have followed 
the articles with keen interest. 

On page 359 of Encrvzzrine, March 12, first column, 
dealing with the failure of specimen 28 under ball-end 
loading, it is stated that a stress of 75 tn./sq. in. was 
developed in the angles at failure. This must be a 
misprint, the stress at which this epodenen failed being 
54-8 tn./in.2. At the point of failure the lip of the 
angle was abnormally thin, so that probably the yield 
stress was reached at that point. 

I see that Mr. A. J. 8. Pippard has called attention in 
his letter on page 421 of ENGINEERING, March 26, to the 
misuse of Professor Perry’s oa. In the 
course of the experimental work I made a fairly complete 
investigation of Professor Perry’s approximation. 

The approximation consists in writing : 

My 


M, = (1) 





Q 
Q-P 
Where M, is the total bending moment. 
Myis the bending moment due to vertical 
loads acting alone. 
Q is the Euler failing load of the strut. 
P is the end load. 


It was found to be accurate to within 3-2 per cent. 
for a uniformly laterally-loaded strut. For a strut with 
two symmetrical transverse loads applied near the ends, 
this approximation gives a value for M, 21-5 per cent. 
too low. For a strut loaded transversely at the centre, 
it gives a value 23-4 per cent. too high. Thus the 
approximation is obviously unsuitable for a strut with 
concentrated transverse loads. 

Professor Perry has a second approximation (see 
Morley’s ‘‘'Theory of Structures ’’), viz. : 

Q 


9 @ pin Fee P 


Qn (2) 


From which : 


M, = My + P.w . . (3) 





Q 
Q-P 
Where y is the total central deflection. 


yy is the central deflection due to trans- 
verse loads acting alone. 


This is applicable to a strut with concentrated trans- 
verse loads to within 3-2 per cent. of the value of M,, 
whatever the position of the loads. For ratios of 
division such as were met with in the test specimens, 
the error was considerably less. For the one case of 4 
strut divided in the ratio 1 : 0-653: 1, both (1) and (3) 
give the same results and are extremely accurate. 

In order to analyse the test results my coll e and 
I derived the correct formula for the deflection of a strut 
with two symmetrically-placed transverse loads. It is: 


My sindr 
a 5 ae | 4 

° P Ldr cos (a +d)r | 4) 
which gives : 
P 
*3 


5 
Zz dr cos (a+d)r sad 


r‘= a/ at 
EI 
d = length of an end bay. . 
a=half of the distance 
transverse loads. 
2 x (a +d) = the length of the strut. 


Transforming equation (5) to the notation used by Mr. 
Pippard we must write : 


n M for My 
nP for P 


7 nP 
- — for(a+d)r 
5/% , 


k for —% 
a+d 


(1—k) = a/*y forae 
Then equation (5) becomes : 


Where 


between the 





#.¢., 


Ju 7 [tan nP_tank™, /nP 
s (1-#) Za /aP 2V'Q ava 
av '@ 
a aJare OF. 
cos F q+ = (6) 


This is slightly different to the equation (1) evolved 
by Mr. ee There can be no doubt as to the 
accuracy of equation (5). It 1as been checked several 
times, and has been by us throughout with con- 
sistent results. I cannot but think, therefore, that 
Mr. hvu has made a slip somewhere. 

Applying equation (6) to obtain the standard curve 8 
of Fig. 25, 376, a curve is obtained whose ordinates 
are about cent. greater than the ordinates of 8 
shown in the 


There is thus still a wide difference between the 
theoretical and experimental curves 8 and L. Never- 
theless, in the cases of individual spars, the agreement 
between the e imental curves and curves derived 
from equation (4) was very good. 

his difference seems to me hardly surprising con- 
sidering the way in which these curves are derived. The 
assumption is made, that, if a specimen be altered in 





weight to 0-58 lb./ft. run, the new specimen would, 
on test, develop the same maximum stress as formerly. 
This assumption can hardly be valid, unless in both 
specimens the full ultimate stress can be obtained, 
without any tendency for secondary failure to take oe 
In the spars tested the final stress was generally below 
the ultimate stress of the material, and in nearly every 
case failure commenced in a secondary manner. 

Personally, I cannot see how satisfactory curves 
L and 8 can be constructed, until, after exhaustive and 
progressive experiment in connection with each promising 
type of design of spar, all premature secondary failure 
is eliminated. 

I am, Sir, yours faithfully, 
A. H. Naytor, 
42, Kestrel-avenue, Herne Hill, 8.E. 24, 
March 30, 1920. 


B.Sc.Eng. 





THE MEANING OF “ ENERGY.” 
To tae Epritor or ENGINEERING. 

Sir,—During the war I came in contact with a large 
number of Government officials whose ignorance of 
science was appalling; but, even among technical 
experts, there was a great deal of uncertainty about 
matters as to which engineers ought not to be in doubt, 
especially so in regard to energy. I will give you the 
views of five clever men, two of them engineers, who 
can hardly be said to be in complete agreement :— 

No. 1.—Energy is a ‘‘substance’’—not necessarily 
material—by which we are made aware, through our 
senses, of matter and motion. It appears in many 
forms as heat, light, electricity and chemical action, but, 
though convertible from one form to another, it can 
neither be created nor destroyed. This is the great law of 
conservation, 

No. 2.—Agreeing generally with No. 1, adds: Not 
until the law of conservation of energy was established, 
and it was shown that energy, like matter, is inde- 
structible and uncreatable, could energy be regarded as 
one of the fundamental physical existences. Its 
recognition, as a separate entity, distinguished the 
present age from all its predecessors. 

No. 3.—Energy is of two kinds—kinetic and potential 
—which may be changed from one form into another 
while their sum total remains constant. This statement 
amounts to the enunciation of a doctrine which is 
practically the keystone of modern science, and is known 
as the principle of the conservation of energy. 

No, 4.—‘“‘ Energy” means capacity for performing 
work; and “conservation of energy’’ means the fact 
that the energy exerted is equal to the work performed. 
Potential energy is the product of an effort into the 
distance through which it is capable of being moved. 

No. 5.—‘‘ Energy”’ is a word signifying the ability 
of a body to do work. ‘“‘ Energy” never did anything, 
as work can only be done by moving bodies ; and the law 
of conservation merely amounts to this, ‘‘ 100 per cent. = 
100 per cent.”” To say that work done is “stored”’ as 
potential energy is simply not true. ‘ Energy,” to some 
people, means very much what “life’’ or “soul’’ does 
to vitalists—or what phlogiston and caloric meant to our 
forefathers as an explanation of the nature of combustion 
and heat. 

Perhaps you, Sir, or some of your readers, will kindly 
help to draw up a short definition which shall be precise 
in terms and of universal application. To a plain man 
like myself, No. 5 is more easy to understand than the 
others ; and, if it is sound, an engineer need never use 
the word “ energy.” 

Yours truly, 
March 20. ** MECHANIC.” 








ECONOMICS OF SHIPBUILDING. 
To THe Eprror or ENGINEERING. 

S1r,—Sir Alfred Yarrow, in his paper at the Institution 
of Naval Architects, rightly pointed out that ‘the 
importance of sound finance in a shipbuilding business 
. . « does not get that public examination and 
discussion which we give to even minor details.’ I 
suggest that it did not get it in Sir Alfred Yarrow’s 
paper, nor in the discussion of it. At the time I asked 
why Table III should give estimates a year old when new 
ones were available. No single item in Table III is now 
correct, and, in any case, our future position cannot be 
based or considered by reference to the expenditure 
for a transition year. Table IV is wrong in the same 
way. The large excess of imports over exports is due to 
exceptional purchases of raw cotton and foodstuffs 
from the United States of America, on a depreciated 
exc \. 
In asking ‘‘ What prospect is there of prices falling ? ’’ 
Sir Alfred Yarrow gives expression to a number of highly 
controversial theories of currency, and overlooks the 
fact that both our currency, and our debt and expendi- 
ture, are inflated. If you bring down the first by lower 

rices, the total vol of i (due at present to 
igh prices, not to increased production) will be lower. 
We shall then be unable to meet the present expenditure 
without increasing the rate or percentage of i tax. 





we must reduce all expenses such as naval and 
mili expenditure (estimated by the Treasury at 
1,434,910,000/.).”” The combined estimates for Army, 
Navy and Air Force are now only 230,000,0001. 

Scientific education is not now neglected, whilst 
public education is rapidly being improved ; the Govern. 
ment having voted 49,000,000/. against the old estimates 
(Table IIT) of under 39,000,0002. 

The discussion on relations between employers and 
workmen consisted largely of re-statements of the 
obvious. The many real attempts to i about a 
better state of affairs were not even mentioned. 

Yours, &c., 
Davip W. Cappiox, A.M.I.N.A. 
(London Manager, DELauNAY BELLEVILLE). 
7, Norfolk-street, Strand, April 1, 1920. 





PATENTEES AND INCOME-TAX. 
To THE EpriTor oF ENGINEERING. 

S1r,—The report of the Royal Commission on Income- 
Tax contains several proposals of particular interest to 
patentees and the owners of trade marks. 

In the first place, as all profits are to be assessed 
whether of a capital nature or not, or whether annual or 
“non-recurring,” it would appear that in future all 
patentees will be chargeable with tax on the sales of their 
inventions whether it is the first or not. 

hen, as to depreciation, the Commissioners hesitate 
a good deal and consider patents should be distinguished 
from copyright and trade marks ; Ses eeeeny speaking 
they consider that no allowance should be made where 
patents or trade marks are in the hands of the original 
owner, nor where they have been purchased and the 
vendor is within the scope of British income-tax. If, 
however, they were pur of a vendor not subject 
to British tax they appear to agree that they should be 
treated as other wasting assets, that is to say ted 
an allowance equal to a sinking fund for the Sites 
between their lite and thirty-five years. 

They also recommend that the patentee should be 
granted a similar allowance in “respect of the proved 
costs of experimenting and patenting, whether he works 
the npes himself or lets it on royalty. If the patent 
is sold outright the allowance should be granted to the 
purchaser.”’ 

Yours faithfully, 
CHarLes H. ToLtey. 

4, Great Winchester-street, E.C. 2, 

March 30, 1920. 





Boarp or TRapE Surveys.—The Board of Trade has 
issued in pamphlet form at the price of 4d. net, a list 
of fees and expenses for the guidance of surveyors and 
a eerege of mercantile marine offices, and for the 
information of shipowners, agents and other persons 
interested. 





BUSINESS WITH THE SERBS, CROATS AND SLOVENES.— 
Mr. G. T. Maclean, formerly Vice-Consul at Rotterdam, 
has been appointed H.M. Consul at Zagreb (Agram) in 
the Kingdom of the Serbs, Croats and Slovenes, and has 
already taken up his post. Zagreb, the capital of 
Croatia, had a pre-war population of about 90,000 in- 
habitants, the present population being estimated at 
about 130,000. It is an important industrial and 
commercial centre, and is served by a normal-gauge 
railway in direct communication with the commercial 
centres of Europe. 





ConoreTE Prezs.—The Stanton Ironworks Company, 
Limited, near Nottingham, proprietors of the Holwell 
Iron Company, Limited, and of Messrs. James Oakes 
and Co., who are the largest makers of cast-iron pi 
in Great Britain, soe! sey in the world, have decided 
to take up the manufacture of ferro-concrete pipes, and 
are proceeding to put down large works adjoining their 
iron works at Stanton for the manufacture of pipes 
under the Hume patents, ranging in size from 4 in. in 
diameter up to 60 in. diameter. The Hume pipe has 
been manufactured on a commercial scale for some ten 
years past in Australia, and large works have more 
recently been started in South Africa and in India for 
purposes of meeting the requirements of those countries. 





THe Institute or MeErats: CONCESSIONS FOR 
SrupEnts.—The position of students, whose course of 
studies was interrupted by the war, or by special circum- 
stances arising from the war, has been sympathetically 
considered by the Council of the Institute of Metals. 
It has been decided to recommend for ballot as student 
members of the Institute candidates for election who, 
whilst being students of metallurgy, have passed the 
age limit of 25 years, for admission to student member- 
ship. Students so elected may remain in the category 
of student members up to June 30, 1923, so long as they 
continue to be students at a recognised school of metal- 
lurgy. This concession represents an appreciable 
g 





A higher rate of income-tax would cripple our ship- 
building much more than the present high prices. 
Sir Alfred Yarrow need not fear any price-cutti 
for some years to come, as Great Britain and the Uni 
States of America are the only nations in a position to 
produce on a big scale. 

An estimate is given of 40,000,000/. annual loss to 
this country by emigration. This is fictitious. Many 
of the emigrants return, not only with experience, 
but often with capital earned in other countries. More- 
over, those who stay abroad very often establish new 
openings for British 

I do not know what is meant by stating that 





ial saving, as a student member pays only the 
guinea entrance fee and guinea subscription of pre-war 
days. Though in operation for only a few weeks past, 
the arrangement, we understand, has resulted in student 
membership applications being received at the offices 
of the Institute, 36, Victoria-street, 8.W. 1, to a greater 
number than was the case in the whole of 1919. By & 
further concession, members and students elected 
at the forthcoming ballot on May 31, will not only have 
the privilege of membership for thirteen months instead 
of the usual twelve, but will receive an extra copy of the 
“* Journal of the Institute of Metals,”’ of which important 
publication volumes to the value of over 1,000/. have been 
sold to non-members during the past twelve months. 
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BALANCING OF TURBINES AND 
PROPELLERS.* 


The Balancing of Rotors and determining the Position and 
Amount of the Balancing Weights. 
By J. J. Kine-Saursr, R.C.N.C., Member. 

THe author had the honour to present a r to the 
members of this Institution in 1917, on the qantion of the 
influence of the running balance of propellers on the 
vibration of ships, in which he advocated their being 
dynamically balanced. The present paper deals more 
particularly with the problems involved in determinin: 
the position and amount of the weight or weights require 
to correct the out-of-balance, not only in propellers, but 
in any class of rotor, and gives the results of tests that 
have been made to endeavour to take the problem of 
correcting the out-of-balance from out of the realm of 
what was really a method of trial and error, into one 
more nearly approaching exactitude and precision. 
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In the author’s former paper, the method of deter- 
mining the position and amount of out-of-balance in the 
particular case of propellers was described, but he was 
far from satisfied with the methods then in use, and so 
far as he has been able to ascertain, the literature on this 
particular phase of balancing is extremely scanty ; but 
as the balancing of rotors is an important matter, it is 
— that the present remarks may be of interest. 

t is not proposed to enter into the mathematics of 
the problems involved in the question of locating the 
position and amount of the weights required to ce 
a number of rotating masses; these problems are fully 
dealt with in textbooks, more cupectale those which deal 
with the balancing of engines, and the conditions for 
balance are given therein, but in order that what follows 
may be more clearly understood, the conditions of out- 
of-balance of a rotor, of whatever form or character, may 
be shortly stated as follows :— 

Let Fig. 1 (above) represent a rotor A B mounted 
on a — OX, and assume that this rotor is per- 
fectly homogeneous and in perfect balance, and assume 
that it is put out of balance - a single weight or weights 
concentrated, say, at W, at any point along its length 
AB. This condition constitutes a purely static condi- 
tion of unbalance. 

In Fig. 2 there are two equal weights W; Ws; at the 
same distance from the central axis O X, and situated 
diametrically opposite one another, but at any position 








aoe the length AB. This condition constitutes a 
purely dynamic state of unbalance. 

If a rotor loaded, as shown in Fig. 1, was placed on 
knife edges, this static condition of out-of-balance could 
be ascertained and corrected by,\say, adding a weight 
or weights W; and/or W2 at some convenient position 
or itions’a!ong the length A B, but by such balancing 
on knife edges it will be impossible to know where to so 

lace the weights that no condition of d ic out-of- 

alance would not be introduced; on the contrary, it 
would inevitably happen that in attempting to correct 
the static unbalance, a state of dynamic unbalance 
would be introduced. 

The rotor of Fig. 2, if placed on a knife edge, would 
show no condition of static unbalance, and its dynamic 
out-of-balance condition would not be revealed. These 
two conditions constitute the two elementary conditions 
of out-of-balance that can be obtained, but in actual 
practice, either the one or the other by itself will hardly 
ever occur, but they, of course, might. 

Fig. 3 shows the condition that usually occurs, that 
is a condition that resolves itself virtually into a static 


ie 5. 





gutng te the practically pnponttie task of first correct- 
ing the static unbalance in rotors weighing 10 tons 
and over, such correction might be far from t, and 
also, during the making of such correction, as already 
stated, a state of Syesenen unbalance which previously 
did not exist would most probably be introduced. 

The usual method of large rotors on knife 
edges in the attempt to eliminate static unbalance is, 
owing to the large inertia of the mass and the friction 
on the knife edges, a slow and uncertain process, and 
anything like real accuracy is most doubtful ; but in the 
method to be described, where the rotor is put straight 
into the balancing machine, no prior notice is taken of 
any static unbalance, both the conditions of static and 
dynamic unbalance being determined together in one 
operation. Also, when balancing on knife edges, the 
only force available is that of gravity, which has to over- 
come the inertia and the friction on the knife > 
whereas in the rotational method, the centrifugal forces 
developed are much greater than that due to gravity 





alone, and of this due advantage is taken. 
Bearing these points in mind, the author has been 
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Fig.7. DYNAMIC BALANCING. 
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and a dynamic out-of-balance combined, where W, the 
weight giving the condition of static unbalance may be, 
and will almost certainly be at some angle other than 
that in which W; and Ws lie. : 

Fig. 4 gives a particular case of condition shown in 
Fig. 3, where W, is at the same angle as one of the 
weights W; Ws. ‘This case is mentioned as it will be 
referred to later. 

The problem before us is how in any form of rotor to 
determine the position and amount of the counter weights 
which have to be added or deducted to produce a condi- 
tion of equilibrium or running balance, the positions 
and amounts of the out-of-balance masses being, of course, 
unknown, and remaining unknown, as all that can be 
done is to counterbalance them by adding or deducting 
other weights which produce effects equal to, but opposite 
from, those arising hen the unbalanced masses. The 
author has hitherto heard of no or procedure 
whereby a rotor can be balan with any certainty 
without a slow process of trialfand error, but there is one 
machine* of which the author has heard, and which, 
the makers state, does determine the amount and posi- 
tion of the dynamic unbalance accurately and rapid]. t 
but the rotor being balanced must be first statically 

and the machine has, so far as is known, only 
been employed for comparatively small rotors, and its 
application to large ones would entail a very large and 
expensive machine, and in the opinion of the author, 
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endeavouring to eliminate the ineffective static balancing 
operation, and to balance whatever unbalance the rotor 
may have in one operation, as being to his mind the more 
rational thing to do, and for the reasons given. The 
rotational method involves mounting the rotor to be 
balanced in bearings, providing some means of drivin, 
it, and some means of allowing it to freely vibrate, suc 
vibration being produced by the unknown forces due 
to the unknown out-of-balance masses, some means of 
controlling this vibration and of reading the effects due 
to these vibrations, and some means of recording the 
effect produced by the unbalanced masses upon the 
motion of the whole system. 

The type of machine originally used at the Common- 
wealth Naval Dockyard, Cockatoo Island, Sydney, 
where the author’s tests have been carried out, con- 
sisted in mounting the rotor to be tested in bearings, 
which bearings rested on springs, and the rotor was so 
controlled that the:direction of the vibrations could only 
take place in a vertical plane, and the rotor was driven 
by a motor by means of a flexible shaft and a couple of 

ooke’s joints. The method of operation consisted in 
rotating the rotor and marking the shaft at both ends 
with a scriber, as it vibrated, and noting the position of 
these marks, and then reversing the motion and again 
marking the shaft, and noting the second position of 
the marks. It was assumed t the mean position of 
these marks would indicate the ition of the out-of- 
balance but no relation could be found to exist between 
the amplitude of vibration and the amount of weight 
to be added. It may now be stated also that the posi- 
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tion given by the markings of the shaft were often no- | was driving clockwise or anti-clockwise, as, so far, it has| of it satisfaction, did not give a anent record 
where near the final tion found for the weights. | been found that the fan action of rotors or propellers | and only the motion of one end—which the author hopes 


This method was, to t 
factory. 

The reason for marking the shaft first in one direction 
of rotation ‘and then in the other was due to the fact 
that the forces causing the vibration moved ahead of the 
actual vibration, and the mark on the shaft accordingly 
lagged behind to a varying degree. Now, it was found 
that the angle of this lag was not constant, but varied 
very considerably indeed with po sper and unless the 
operator happened to mark the shaft at the same s 
both ahead and astern, this mean position would a 
long way adrift. It was also found that as the speed of 
rotation increased, the amplitude of the vibrations in- 
creased to a certain maximum, and as the speed further 
increased, the amplitude decreased, and at a still higher 
speed again increased till it reached a second maximum, 
which was, however, considerably less than the first ; 
and that no matter how much higher the speed was in- 
creased, the amplitude of the first maximum was never 
again attained. This is illustrated in Fig. 5 (page 491). 
A little consideration will show that this was due to the 
springs. In the type of machine under consideration, 
the springs had to be strong enough to support the 
weight of the rotor, its bearings, &c., and beyond making 
the springs longer or shorter, it was not possible to alter 
them. 

As the rotor with its unbalanced masses producing 
centrifugal forces and moments is rotated, and as the 
speed increases, the period of the impulses, produced 
by the unbalanced masses at each revolution begins to 
coineide with the natural vibrations of the spring, and 
tends to cause the whole mass to vibrate. The natural 
vibrations of the spring must of necessity first be faster 
than the speed of rotation which would cause impulses, 
and synchronisation between the revolutions and the 
time of vibration of the springs would not occur until 4 
certain s is reached, which would then cause the 
rotor on its springs to obtain a maximum amplitude of 
vibration. It is evident, therefore, that at only that 
one speed would there be that coincidence, and whilst 
at the higher speed of the second maximum there would 
be partial coincidence between the natural vibration of 
the spring and the speed of rotation, yet at that speed 
the amplitude of vibration of the spring must be smaller 
than the first maximum due to the want of coincidence 
between the impulses and the period of the natural 
vibrations. Evidently, therefore, the period of maximum 
amplitude must be th period of greatest sensitiveness. 
Such being the case, the conclusion has been come to 
that if the rotor can be balanced, so as to give no vibra- 
tion at the first period of maximum vibrations, no better 
results will be obtained by testing it at higher speeds 
In practice, this has been found to be the case, as in all 
rotors balanced by this method and which have had to 
work at much higher speeds, no vibration has been 
detected at those higher speeds. 

In particular the case of some blast-furnace blowers 
weighing about 2 tons, which were balanced at about 
180 r.p.m. to 200 r.p.m., may be quoted. After being 
balanced, they were found to run in as good balance at 
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author’s mind, most unsatis- 
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does not appear to have any effect; and as ly 
stated, owing to the variation of the angle of ne. > 
appeared that the right moment to mark the t 
was oy at the moment of maximum amplitude. To do 
this by hand with a scriber was practically impossible, 
as moreover it has been found tbat the angle of lag varies 
very rapidly just before and just after that period of 
maximum vibration, hence some appliance was necessary 
that would automatically record the angwar position of 
the shaft during its rotation at that moment. 
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to show is not sufficient to properly determine the posi- 
tion and amount of the correcting balance weights, 
observing that this ap tus only gives the position of 
where the un masses appear to be. By this 
method, also, any static unbalance is dealt with in com- 
bination with any dynamic unbalance. 

The apparatus to be described was not the first 
designed. Two other arrangements were tried; one 
failed owing to being unable to mark a rotating disc 
sufficiently rapidly or clearly, and the other, which was 
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Fig.9. DIAGRAMMATIC ARRANGEMENT OF BALANCING GEAR. 
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the speed of 4,000 r.p.m. as at 200 r.p.m. In this state- 
ment no account is taken of whipping and whirling 
actions, as the author maintains that if the rotor be 
correctly designed to resist any whirling strains, as it 
evidently was in the case quoted, the balance effected 
at the low speed must be permanent at any higher speed, 
except that possibly small differences of density not made 
apparent at the low speed may become evident at 
extremely high speeds—at any rate, in those cases of 
which the author has had experience the statement 
has held good even up to 4,000 r.p.m. 

It is evident that as in the rotational method of 
balance the centrifugal forces are saken advantage of to 
produce vibration, the higher the speed at which the first 
maximum vibration can be obtained, presumably the 
more sensitive must the test be. Accordingly, in a 
particular case, in order to decrease the period of vibra- 
tion of the springs and so get a higher speed of vibration, 
shorter springs were utilised, but as might have been 
realised, although the period, at which the maximum 
vibration occ , was at a higher speed, yet the 
amplitude of vibration was considerably less. With the 
old methods this was unsatisfactory, but with the instru- 
ment to be described this is immaterial. 

_ With a given set of springs and a given rotor and condi- 
tions of out-of-balance, the period of maximum vibration 





will necessarily occur at the same speed whether the rotor 
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It was also found by the scriber method that, under 
certain conditions of unbalance, the position at which 
the maximum amplitude of vibration occurred was not 
the same at either end of the rotor being tested. It 
appeared, therefore, necessary to be able to read these 
positions at both ends. This conclusion has been found 
correct, as will be shown later. 

Attention is drawn to this point as the only apparatus 
the author has any knowledge of takes ings at one 
end only.* The authors of the article published in 
ENGINEERING and Commander Cleary both use the same 
method of ascertaining the angle of lag, which consists 
of pass a beam of light through a dise secured to one 
end of the rotating shaft, in which disc is an involute 
slot ; combined with this disc is a mirror which is caused 
to oscillate in conjunction with the vibrations of the rotor. 
A spot of light by these means is made to move across 
& screen in a straight line when there is no vibration, 
and in a wavy form when there is, and by noting the 
position of the waves, the angular position of the vibra- 
tion is determined. 

This method, while it appears to have given the users 


* Vide Exonvezerna, vol. xcix, p. 64, January 15, 1915; 
also a paper by Commander F. J. Cleary, U.S.N. (Journal 
of the American Society of Naval Engineers, vol. xxx, 
February, 1918). 





on the Flashlight Torsionmeter principle, was too slow 
and cumbersome, and had the same defect as the involute 
slot indicator in that it gave no permanent record, and 
a careful record of the speed of rotation had to be obtained 
—ehead and astern. The readings not being instant- 
aneous, the difficulty was to secure such constancy of 
speed of revolution that the results would not be affected. 

The saponins which has been adopted and which was 
devised by the author gives a permanent record of the 
angle of lag and automatically records the angle of lag 
at the period of maximum vibration, taking no more time 
than is required for the rotor to make one revolution 
at that period. The latest design but one of this appli- 
ance is shown in Figs. 6 and 7 (page 491). Fig. 6 shows 
the details of the gear and Fig. 7 p ated how it is applied 
to the rotor being balanced. From Fig. 6 it will be 
seen that it consists of a short cylinder (D) attached to 
the revolving shaft (B), and through the cylinder pass a 
number of hard steel pins (A) as shown, which pins are 
arranged so that they can move outwards radially 
through the thickness of the cylinder. All the inner 
points of the pins projecting inwards are ground to 
exactly the same circle, and all the outer ends of the 
pins resting against the surface of the cylinder are also 
ground, so that they are all proud of the cylinder’s 
surface to exactly the same extent. It is most essential 
that the cylinder, with its pins, which we have called 
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the “‘spider,” shall be exactly true with the revolving 
shaft, otherwise false i will be obtained. 

A second short steel cylinder or disc (E) 
ground true to the same diameter as the inner points of 
the — is erected on a fixed base in line with the first 
cylinder. 

‘The second cylinder is made to slide axially, so that 
it can be pushed in under the pins, or pulled out away 
from them. The action is as follows :—The fixed 
cylinder is, say, pushed in and lies within and just touch- 
ing the inner points of the pins on the spider, which is 
attached to a revolving shaft; clearly when rotation 
of the shaft is started, if there is no vibration, the pins 
will just rub around the fixed cylinder, and no motion 
of the pins will take place, but if vibration occurs, the 
pins in the revolving cylinder at that point in its circum- 
ference where the vibration occurs will be p out, 
and pushed out to the extent of the vibration, and with 
each ding i of vibration, so will the pins 
be pushed out, and as the position of the vibration rela- 
tive to the rotor varies, ¢.e,, as the angle of the lag varies, 
so will the pins be pushed out correspondingly till 
the period of maximum vibration is reached and passed, 
when the pins recording that maximum will no longer 
be aff The motion may then be stopped, and the 
distance the pins have been pe out can be measured, 
and the position of the highest pin can be located. A 
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sufficient lengtks to operate the pins. This arrangement 
very greatly simplifies the gear at the driven ends. The 
pins are now pushed inwards instead of outwards, and 
incidentally it will be noted that the pins pushed in most 
are on the side towards which the vibration occurs, 
whereas before they were mene ig | opposite, for 
which a correction had to be made. It will be seen 
that when the vibrations are small, unless the spider 
dise is accurately true with the revolving shaft, it will 
be difficult to determine the true ition of the pin 
with the greatest displacement, and the best way to 
obtain accurate readings, particularly when the vibra- 
tions are very small, is to lock the rotor so that it cannot 
vibrate, then spin it and adjust the arcs operating the 
pins so as to push them in a small distance, then take 
the readings of the pins which when operated upon this 
will be true to the shaft, and which will give a zero 
reading for any further tests, when the vibrations are 
required to be read. It will be noted that as the points 
of the pins now radiate outwards and the measurements 
of their displacements are measured on the points and 
not on the heads, perme oe mar the points only need 
grinding to a true circle relative to the di 
precautions these spiders have been found to give very 
satisfactory and reliable results. 

Having obtained this appliance, a series of tests were 
made with a balanced rotor, by putting it out of balance 
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slight eccentricity between the setting of the two 
cylinders is immaterial; if they are not in line, the 
only result will be that as the spider revolves it will act 
on all the pins equally to the extent of the eccentricity. 
In the vertical motion type of balancer the centre of the 
revolving shaft was, owing to the addition or subtrac- 
tion of weights, constantly altering, necessitating the 
stationary disc being readjusted to suit. This obviously 
took time, whereas, with the horizontal gear, to be 
described later, once the centres are adjusted, they are 
éorrect for all time on the one job. Owing to the varia- 
tion of the angle of lag as the speed alters, it will be found 
that all the pins are pushed out gradually, increasing 
from a minimum to the maximum. It will be noted 


Fig.13. METHOD OF MEASURING. CENTRIFUGAL FORCE. 
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that the spider gives the extent of the half of the total 
amplitude. 

wo of these instruments are used, one at each end 
of the apparatus being balanced; that at the driven 
end—having to allow for the driving shaft—is of annular 
form, so as to surround and be clear of the shaft and 


give room for it to vibrate. 

When the out-of-balance is considerable, the — 
of the pin that is farthest out can be readily detected 
by the eye, but when it is small it is necessary to measure 
the height of the pins with some form of micrometer. 
A very handy form is a clock micrometer which is quickly 
read, and gives readings of 1/1000 of an inch. By the 
use of this micrometer, the necessary magnification of 
the actual amplitude of vibration given by the pins is 
obtained. 

This instrument gives not only the angular position 
relative to the rotor, where the maximum amplitude 
occurs, but also a measure of the extent of that maximum 
amplitude of vibration. It does this very simply, very 
rapidly and automatically, and also takes account of 
the instant at which the maximum amplitude occurs, 
without any necessity for an observer to Be watching to 
note when this period occurs. 
_ it is maintained that when the amplitude of vibration 
is at its maximum is just the moment that is best for a 
record of it to be obtained, as the spider readings are 
automatically recorded at the same speed. At other 
periods than this records can be obtained and can be 
utilised under certain conditions, but it involves obtain- 
ing readings of the spinders at the same speed of rotation 
ahead and astern. 

Fig. 8 (page 492) shows the latest design. It will be 
seen that the inner fixed disc has been shifted from the 
inside of the revolving spider and placed outside, not 
completely surrounding the pins, but as short arcs, of 
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with known weights in known positions. Also, at this 
time, owing to the inconvenience and other disabilities 
of the balancing machine with a vertical motion, it was 
decided to adopt s motion of vibration in a horizontal 
plane by carrying the weight of the rotor, its bearings, 
&c., on Pall races, and controlling the vibrations with side 
springs, whose size and length could be altered at will. 

o ensure uniformity of action, all the four springs should 
be adjusted so as to be the same strength and length. 

Figs. 9 to 11 show the latest arrangement of balancing 
machine on this plan, which has been constructed to 
balance the rotors of H.M.A.S. Adelaide, which are bein, 
manufactured at Cockatoo Island. These rotors eac' 
weigh about 35 tons. 

One of the first things discovered with the spiders 
was that the driving gear then used, viz., the flexible 
shaft with Hooke’s joints, caused, when there were 
any vibrations, serious disturbances, and produced 
some extraordinary anomalies which entirely upset 
the spider readings. As no means could be devised 
to drive the rotor and not disturb the vibrations 
generated by ite out-of-balance forces, a different 
system had to be adopted. Previously spider i 
were taken as the motion was s from rest 
and the speed increased until the period of maximum 
vibration was reached ; the motion was then sto 
and spider readings recorded by the micrometer. 
practice now is to drive the rotor through 6 or other 
suitable clutch and lock the rotor so that it cannot 
vibrate, whilst the speed is being accelerated to a point 
beyond that at which the maximum vibration occurs, 
then declutch and unlock the rotor so that it can vibrate, 
put the spider into operation and whilst the speed is 











slowing down by its own friction, obtain a reading of the 

le of unbalance at the moment of maximum amplitude 
whilst the rotor is uninfluenced by any dist forces 
except those due to its own internal out-of-balance 
masses. This procedure obviously takes longer than 
the former, but there is no doubt whatever, by the 
results of the tests, that it is the right and only way. 
Fig. 12 illustrates the disturbing effect of the driving 


gear. 

It was hoped that the reading of the actual amplitude 
of vibration and angle of lag given by the spiders would 
enable a of the t and position of the out- 
of-balance to be obtained, but the hopes in this direction 
have not been realised, although the author would not 
like to state that some solution does not exist, and search 
had to be made in other directions to obtain the informa- 
tion required. 

Firstly as regards the angle of lag, it was found that 
so long as a condition of unbalance existed as repre- 





| sented by Figs. 1 and 2, the spiders gave the true posi- 


. With these | 


tion of these out-of-balance masses, but when a condition 
as in Fig. 1 existed with the weight at either the driven 
or the free end only, and assuming the weight at the 
free end, the spider reading at that end gave the correct 
angle, but at the other, the driven end, the angle was 
practically 180 degrees out, showing the reflect action 
of the weight at the free end, and vice versa when the 
weight was shifted from the free end at the driven end. 
Up to this time both ends were allowed to vibrate 
together. 

Tests with weights, as shown in Fig. 2, gave correct 
angles as might be inferred from the former tests, and 
as the weights were in the same plane but diametrically 
opposite one another, the reflex action of the weight at 
one end on the motion at the other end was not at once 


| apparent, but although the position of out-of-balance 


| readings 


| immediately seen. 


was in this case accurately given by the spider, in this 
case also no relation between the amplitudes of vibration 
at either end and the amount of the unbalance could be 
found to exist that could be interpreted. 

A third series of tests were made, giving a condition 
that corresponded with Fig. 3. Here the reflex action 
of the weights was more apparent, and no solution was 
The next step was to hold one end 
whilst the other was free to vibrate. This was done 
first at one end and then at the other, and the spider 

o~ angles which on careful analysis were 
found to the resultant action of all the unbalanced 
masses. It then became apparent that if the forces 
acting on the springs causing vibration could be measured 
it would be possible, knowing the direction of the resultant 
forces as given by the spiders, to plot vector diagrams 
and thus obtain the true position and amount of -the 


| counterbalance weights. 





Consider what forces are in operation. There is the 
rotor mounted on the bearings, one at each end, with its 
out-of-balance masses, and when the rotor is rotated, 
the out-of-balance masses under the centrifugal action 
produce alternating pressures acting on the bearings 
which tend to set up vibrations—the resistance offered 
by each of the bearings clearly balances the centrifugal 
forces produced. This resistance and the centrifugal 
forces accordingly constitute a set of forces in equilibrium. 
If, then, we can measure the resistance the bearing has 
to offer to balance the centrifugal forces due to the un- 
balance, we have a measure of these out-of-balance 
forces. It is proposed to call these forces acting on the 
bearings the “* centrifugal pressure’ on the bearing. 

The springs located on the balancing machine opposite 
each bearing should be able to furnish a measure of this 
centrifugal pressure, but if whilst being rotated the rotor 
is allowed to vibrate under the control of the springs, so 
many unknown factors are introduced that it has been 
found impossible to find the relation that exists between 
them, but if, whilst the rotor is revolving, the rotor in 
its bearings is not allowed to vibrate, then a host of com- 
plicating elements are eliminated, and it is possible to 
measure the amount of the centrifugal pressure on the 
bearings, and this was done as follows :—The bearing 
at one end was fixed so that it could not vibrate, and the 
bearing at the other end was held by a stop on one side 
and by a spring on the other (Fig. 13). The strength 
of the spring was adjusted so that it was greater than the 
centrifugal pressure operating at any particular given 
speed, the spring was then graduslly eased back as the 
rotor was spinning till the centrifugal pressure, at the 
= mpm given speed, just overbalanced the spring. 

his speed was noted by an accurate tachometer; the 
moment at which the spring and the centrifugal pressure 
balanced, without allowing any perceptible movement 
ot the rotor and its bearing, &c., to take place, was most 
readily observed by inserting a piece of paper behind 
the stop on the side opposite the spring and by pulling 
gently on that paper till it was just free. Directly it 
was free the easing back of the spring was stopped and 
the speed at that moment recorded. The amount of 
the centrifugal ure being an unknown quantity, 
the strength of the spring required to balance it at an 

iven speed, had, of course, to be first obtained by trial. 

he rotor was, of course, allowed to revolve under its 
own forces, as when taking readings of the spider. It 
was then only necessary to obtain a measure of the 
strength of the spring at the particular setting. This 
was most conveniently done by means of an accurate 
spring balance by hooking it at the bearing and pulling 
against the spring till the paper behind the stop was 
just free. 

This process was then repeated at the opposite end, 
thus giving two forces—acting at selected points, viz., 
the centre of the beari which were a measure of the 
forces to balance the condition of out-of- 
balance that existed in the rotor. 

Consider the conditions existing at the bearing—there 
is the centri pressure, the resistance of the bearing 
to move, which has been called its “ stiction,’”’ and the 








494 


ENGINEERING, 





[ APRIL 9, 1920. 








inertia of the mass of the rotor; before the spring 
be com: the centrifugal forces has 
the stiction and the inertia of the rotor. 
reduced to a negligible quantity by 
rotor to move noone ae is at, > 
piece of paper, an spring balances ——_ 
pressure a the stiction. A direct 
strength of the spring by itself, therefore, would be too 
little by the amount of the stiction, but by pulling against 
the bearing with a spring balance, resistance of the 
spring and the stiction are taken account of, so that the 
spring balance reading should approximate very closely 
to the centrifugal pressure ; especially so if, during the 
taking of readings with the spring balance, care is taken 
to simulate the ay mye vi — Se nang Se ¥. 
rotor is spinni tapping eae i ly with a 
hammer. PW. Siew ae measure of the centrifugal 
pressures acting at the centre of the selected points, 
viz., the centres of the bearings, and we also have the 
angles at which these pressures are acting as given by 
the spiders. But the bearings are not convenient points 
at which to attach or remove weight ; it is . 
therefore, to transfer these forces to the planes on the 
rotor which may be selected as the most convenient at 
which to balance the rotor. Having selected these 
planes, it is then to convert the centrifugal 
ures into force moments and by the aid of vector 
iagrams transfer them at their proper angle, as ascer- 
tained by those diagrams, to these planes. These force 
or weight moments and their angular position on the 
selected plane relative to the rotor being thus obtained, 
it is only necessary to convert the weight moments into 
weights at a radius to suit the rotor, and these weights 
then completely balance the rotor for the particular 
condition of out-of-balance that requires correcting.* 

It will be noted that in order to measure the centri- 
fugal pressures, the spring balancing that pressure has 
to be adjusted while the rotor is spinning. Obviously 
only one reading can be taken at each end during the 
one spin, and it is advisable, where great accuracy is 
desired, to obtain at least three readings, which means 
spinning the rotor three times for one end and another 

ee for the other end. If, therefore, some instrument 
could be utilised instead of the spring which would record 
the centrifugal pressures, and be at the same time inter- 
connected with the tach ter, & iderable gain in 
time would result, as several readings could be made 
during the one spin, and greater accuracy would also 
follow. Some attempts have been made in this direction, 
but, so far, without success. It will be seen that it is 
not a simple problem, as the centrifugal pressure is an 
alternating one, varying in amount with the speed at 
every instant, and also depending upon the extent of the 
out-of-balance being corrected, and it is further com- 
plicated by the fact that the rotor must not be allowed 
to vibrate. 

The one chief advantage of the method described above 
is that the position on the rotor where it is most con- 
venient to place or remove weights to balance it can be 
not only selected at will, but also from the vector 
diagrams the correct weight moment to place at that 
position can be accurately determined, assuming, of 
course, that the means adopted for measuring the forces 
are also accurate. In other words, instead of having to 
guess the amount of weight to be added or deducted, 
it is now possible to determine its correct amount. 

In the case of rotors like a turbine rotor, it is a com- 
paratively simple matter to select the position for adding 
or removing the balancing weights, but in the case of 

ropellers w there is not a continuous circle of metal 
it may happen that the cneees position where weight 
has to be removed will fall between the blades, and as, 
moreover, weight cannot be removed from the blades 
in any one concentrated spot, but has to be spread 
over a wide area, the determination of the amount to be 
removed becomes more difficult, but no reason is seen 
why the surplus metal should not be removed wholly 
from the boss, as by author’s method the position on the 
boss relative to its fore and aft length can be selected at 
will within limits, and the weight to be removed from that 
pees can be accurately determined from the vector 

iagrams. 

This method of solving the alggeros of determining 
the amount and position of the weights uired to 
correct the out-of-balance of a rotor has been fully tested, 
but the details of these tests would add too much to the 
length of this paper. 

For this final solution of this part of the problem, the 
author is indebted to Mr. C. ©. Dudley, of the Engineering 
Department’s drawing office staff of the Naval Dockyard 
at Cockatoo Island, inspired by Professor Dalby’s classical 
work on “ The Balancing of ines.”’ 

The determination of the amount and position of 
the out-of-balance hence involves three s 

(1) Spider reading—at alternate ends—opposite end 
stationary—giving the resultant planes of unbalance— 
best obtained by plotting the spider pin readings 
ol 

(2) (a) Measurement of centrifugal pressures—at 
alternate ends—opposite end fxed: (b) Tachometer 
readin, —iving revolutions per minute. 

(3) Veotor i —couple and force diagrams, 
referred to the plane selected for adding or removing 
weight. 

As regards the spider readings, the following notes 
will assist in making the necessary deductions :— 

(a) When the spider readings at either end are at the 
same angle, the out-of- is one of pure static 
unbalance (vide Fig. 1, 491). 

(6) When spider i are at 180 deg. with each 


* Vide Professor W. E. Dalby’s book “‘ Steam Power,” 
pep +s. Publishers, Ed. Arnold, London, 1915. Also, 
“ Balancing of Engines,” by same author, 1902 
Edition, p. 37 


g 











other, the out-of-balance will be either one of pure 
dynamic unbalance (vide Fig. 2) or one of i 
unbalance, combined with one of static (vide Fig. 4), 
lying at the same angle as the dynamic unbalance. 

(eh When. spider seadings are et any angle to each 
other, other om those given in (1) and (2) above, the 
out-of-balance will be a combination of dynamic and 
static unbalance (vide Fig. 3). 

A little consideration of the principle of the vector 

i i that in cases (a) and (b) vector 

i are not required, as the balancing weights can 
be directly determined from the centrifugal pressures 
by eolowanian 4 = o. vector diagrams are abwaye 
necessary when spi readings are at some angle 
other than the same m4 at 180 deg. with each other, but 
conditions (a) and (6) are more exception than the 

8. 

It was thought at one time that the question of the 
size and s of the controlling springs would be 
a determining factor, but it will be now seen that they do 
not enter into the problem so far as the spider readings 
are concerned, other than in selecting such a spring as 
will control the amplitude of vibration within reasonable 
limits, and as this from certain tests made with 
three different springs—which were all of the same size, 
viz., 6} in. long, 4in. mean diameter with six coils, except 
that the size of the steel varied, being } in., § in. and } in. 
diameter respectively, giving compression strengths of 
270 lb., 600 Ib. and 1,250 Ib. r inch compression 
respectively—it was found that the speed at which the 
maximum amplitude occurred with two equal weights 
in line at opposite ends, were approximately 80 r.p.m., 
140 r.p.m. and 180 r.p.m. res ively ; whereas, when 
the weights were diagrammatically opposite each other 
and at opposite ends, the speeds were approximately 
150 r.p.m., 220 r.p.m. and 810 r.p.m. respectively, and 
further, the stiffer springs gave larger amplitudes than 
the weaker springs. 

The relative speeds for the three springs in each case 
foHow the law governing the strength of springs, but no 





Fig.14. TS.S.NIAGARA | 
|. RECORD OF VIBRATIONS BEFORE &___| 
AFTER DYNAMICALLY 


pi | Ye 
we | 


V 





CENTRE PROPELLER. 
PROPELLER: MANGANESE. 
MACHINED WEIGHT 4 TONS 
WEIGHT. TAKEN OFF 50-1 LBS < vA 


= 























& 8 & & 








Amplitude of Vibrations. 





~ 





i 








Second 


Vibrations 









































Vibrations per 

















M a Aten ——— 
¢ ii ible ra 
lean per | 
LL | | 
Revs per Min. 790, 200 210, 220 Centre Shatt- 
(6281.1) 80 3 8 85 8 87 Shaft 
not to Scale. 


explanation can be given for the difference in s 
under the two conditions of unbalance given, and the 
author would not like to say at this stage whether this 
difference will hold good in all similar cases, or with a 
different form and weight of rotor. 

The author thinks that he may claim that the solution 
of the problem, by the method offered here, of determining 
the = and amount of the out-of-balance, removes 
the balancing of rotors out of the realm of trial and error 
to one of exactitude and precision, and that the adoption 
af this method will save not only a great deal of time, 
but also no little loss of temper in the tester. 


Nore ON THE INFLUENCE oF RUNNING BALANCE OF 
PROPELLERS ON THE VIBRATION OF SHIPs. 


In the author’s paper on the above subject, which he 
had the honour,to present to the members of this Insti- 
tution in 1917, the effect of dynamically balancin, 

Mg ap eon ay vibration of ships was discussed. 
Tn this short note further experience gained in two 
vessels by thus,ytreating their propellers is given. 
Since the author’s last paper, there has been, owing to 
the war, no opportunity to gain further experience in 
warships, but thanks to the enterprise of the Union 
Steamship Company of New Zealand, who had the 
propellers of two of their vessels dynamically balanced, 
it is possible to‘further show the advantages gained by 
this Prey rg) bow ah zens 
525 ft. by 6 t. by, 343 ft., 13,415 tons gross ; speed, 
17 knots, triple screw ship; and the ss. Loongana, 
300 ft. by 43 ft. by 23} ft., 2,448 tons gross: speed, 
17 knots, also a triple-screw ship. 

7 > Raa, Pe wn screws are driven by the 
usual type of vertical marine engine, and the centre 
screw by a direct-driven low-pressure turbine. The 


owners decided they would have the centre screw 
dynamically belenced, and this was done at the Naval 
Dockyard, Cockatoo Island, Sydney. The author was 
able to obtain vibration diagrams bene y before and after 


the propeller had been balanced, the results given 
by diagrams are given in the attached figure. The 
speed of the wing pro was 80 r.p.m. to 85 r.p.m., 


and the centre one r.p.m. to 220 r.p.m. The author 
has received the following letter (dated June 5, 1919) 
from the marine! 4 ee gee of the Union Steamship 
company of New d, which speaks for itself :— 


The ss. Niagara, 





R.M.S. Niagara—Combination Engines. Wing Engine 
Reciprocating. Centre Low-Pressure Turbine. 

In reference to the Manganese Com "s ler 
for this steamer, which was bored out aft Nayekanloaee 
balanced at the Naval Dockyards in November, 1917, 
and fitted on the Niagara at the end of December, 1917, 
I am pleased to say the results have been very satis- 
factory forsame. The vibration is considerably reduced. 
The propeller shows the same efficiency as the original 
one m by the Manganese Bronze Company. The 
revolutions from the reciprocating engines vary from 
85 per minute to 88 per minute, and the turbine propeller 
from 210 per minute to 220 per minute. The chief 
engineer wrote me from Auckland (January, 1918) in 
reference to this propeller, in the following terms: The 
vibration records were taken under very similar conditions 
as regards weather. The records show less vibration ; 
of course, there is more difference felt than recorded. 
The 2 heed the promenade deck, which used to 
rattle y at times, were quiet, also steering-house 
doors and loose fitt , such as window frames, bad 
fitting rails, &c. T second-class accommodation, 
captain’s room, too, are also much improved. Of course, 
the conditions are the best ; when we get bad weather, 
and oil bunkers practically empty, there may be more 
vibration, but up to the present the propeller is a success. 

The Loongana, which is fitted with three Parsons 
turbines, also had three propellers dynamically balanced, 
and three statically balanced at the Naval Dockyards. 
The ones which were dynamically balanced show a great 
improvement in having less vibration. After these had 
been on a iew months, they were changed to the statically 
balanced set for experimental purposes, and we at once 
noticed a considerable change in increased vibration. 
Unfortunately, with the Loongana in the trade she is 
working on, considerable propeller damage takes place 
in the _— — of the eeeenes —, and it is 
impossible to keep any propeller any length of time 
without damage and being put os of balance.— 
(Signed) J. Smrrx, Local Supt. Engineer. 

msiderable difficulty was experienced in obtaining 
@ suitable position in the Niagara for the vibration 
recorder, but the results obtained, although the vibrations 
recorded were of small amplitude, were sufficiently 
distinct to show the reduction in vibration effected by 
dynamically balancing the centre propeller. This 

icular instance, it is considered, is of more than usual 
interest, in that the speed of the balanced propeller 
was comparatively slow, and that although only one of 
the three propellers was balanced, yet such satisfactory 
results were obtained. 

It may be observed that the Niagara is a passenger 
vessel plying regularly between Sydney, New Zealand 
and Canada, and anything that can be done to increase 
the comfort of any such vessel must be evidently greatly 
appreciated. In the Loongana, all three propellers were 
turbine driven, and their speed was about 500 r.p.m. 
Unfortunately it was not possible to obtain vibration 
records on this vessel before the balancing was effected, 
and evidence of the resulting reduction in vibration 
can only be given on the word of the owners, as shown 
in their letter quoted above. 





ConcrETE Mrxtnc.—We read in Engineering News- 
Record, New York, that comparative tests were made by 
the United States Bureau of Standards to determine 
the benefit of mixing cement and water for a long’period 
(16 minutes to 30 minutes), and then adding tes to 
produce a concrete instead of the usual method of mixing 
cement, te and water together for one or two 
minutes. The strengths obtained were about the same 
with the same materials and conditions, showing that 
there is no advantage in long pre-mixing of cement and 
water. 

THE Lrvootn Tractor TR1ats.—Under the heading of 
“* Practical Tractor Tests,”” an American journal, Auto- 
motive Industries, states the following: ‘‘ Among the 
things which they do better abroad must be counted 
tractor trials. We are reminded of this by the official 
report of the Lincoln (England) trials held last fall, of 
which a copy has just been received. This report is of a 
most comprehensive nature, giving the regulation of the 
trials, the technical adviser’s report (including numerous 
tables and charts of performances), brief descriptions 
and specifications of all competing tractors, and the 
judges’ report, which latter is in two parts, covering 
tractors and ploughs respectively. A report of this sort 
is certainly most desirable, and should add greatly to the 
value of the trials. Those interested in tractor per- 
formance are thus enabled to study at leisure the actual 
record of each competing tractor, which would enable 
them to obtain a much more definite idea of the relative 
merits of the different machines than the fleeting 
impression they receive upon seeing the machines at 
work. It is not our purpose to convey the impression 
that a short trial like that at Lincoln can definitely settle 
the question of the absolute merit of each competin 
machine. But with all the work done carefully observ 
and all records well kept and placed before the interested 
public in a handy form, it would seem that the ordinary 
trial of moderate length is conducted to the very best 
advantage, from the standpoint of the competitor as well 
as that of the public. It can hardly be doubted that if 
dynamometer, fuel consumption and similar tests had 
been held in conjunction with our so-called national 
demonstrations of the past several years, we would never 
have heard of legislation compelling makers to submit 
Shele secchince to teste hy boasts appeinted by che Suess 
Legislature. Assuming that the farmers are ind this 
i hich ——— is @ fairly safe one—they 
want public tests in w! they can have confidence, and 
if had been furnished with teste voluntarily, they 

not have gone to the legislatures.” 
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r furnace (that is, 40 to 74 per “‘ Lancashire ’’ boiler). Taste IX. 
THE PERFORMANCE OF MECHANICAL vote situated under the back of the furnaces on full 
STOKERS.* boiler pressure and steam supply regulated with a hand Steam 
" valve, which is generally very little open. Plan No.of | Evaporation | Steam | Production 
Exact Data on the Performance of Mechanical Stokers The average steam [consumption on 26 plants fitted No. Boilers. per Boiler Pressure. | Used by the 
as Applied to “‘ Lancashire” or other Narrow-Flued | with this t of stoker is about 5 per cent. of the pro- per Hour. Jets. 
Boilers.* duction, divided as follows in Table VI. Be ae 
By Daviw Brownurm, B.8c.(Lond.), F.C.S., of Taste VI Ib (an 
Manchester, Associate. b 2 8,059 189 Pe 1 "30 
ded 1 é 2-28 
Concel: from page 428.) Steam 59 5 6,037 90 2-50 
1 %9. Cost of Upkeep.—Most firms of stoker makers state Plant No. of Evaporation Steam Production 26 4 4,081 52 2-70 
that the cost of upkeep is — nil. For a No. Boilers. = Boiler ure Ung by the 
one catalogue gives the cost of upkeep as a jutely per Hour. ets. : : 
nil for four years, and practically fil for eleven years. a ated otto ini Type B.—The steam jet apparatus consists essentially 
One make of stoker is stated to have the cost of upkeep of bay! Rags of eee + ae aay = Kanne ys 
almost eliminated, and another firm states that some of Ib. per cent, under the furnace at t a, SS NS Coe Pee Sane 
- : 22 3 5,057 101 0-50 approximatel in. holes, over the furnaces (that is, 
its stokers have been working for 38 —~. Advocates 42 2 4.735 110 2-10 1b — i. “Lancashire” boilers). All on 
of hand firing, however, state that the cost of upkeep Fy 2 97190 159 2-10 é all boil pee er Se Sone 4 Sate " 
is very serious, not only from the point of view of con- 38 2 7,062 110 2-50 ted no gy te ah ° pipe, and steam supply 
tinual ay omeee in replacing parts burnt out or damaged, 73 2 3,016 74 2-60 regulated with e oss 
but also because of stoppages and the cost of labour in 54 3,073 112 2°70 Taste X. 
: : 21 3 8,193 159 2°75 
executing the repairs. 69 3 3°257 101 2-75 
In the author’s opinion, this is undoubtedly one of 35 1 8.734 103 3-00 Steam * 
thejdisadvantages of mechanical firing, and is an inherent 47 1 7,457 = 100 3-20 Plant No. of Evaporation Steam Production 
defect that cannot be got over. A complicated machine 1 2 11,146 157 3-25 No. Boilers. per Boiler Pressure. | Used by the 
like a —— stoker, in —_- with : red-hot py ; = 16 > per Hour. Jets. 
furnace, is bound to cost money in upkeep and repairs. , ‘ a SS Sas es ney 
As boiler plants are being worked sone, there is a very +4 : oan % ie 
great difference in the cost of upkeep of mechanical 75 - 4907 62 3-60 4 | om “18 oa 
stokers on one boiler plant compared with another, and, 18 3 5,838 110 3°75 7 ’ 
consequently, there is a considerable difference of opinion. 28 6 5,366 86 3-80 
The idea is fostered by some mechanical stoker firms 58 2 5,789 104 4-12 Type C.—The steam jet apparatus consists essentially 
that the cost of upkeep is in all cases practically nil. It 4 4 Mea all 4 of 15 to 16 jets of 4 in. holes un the furnace 
is not always easy to get authentic figures for the cost 3 : 6714 153 6°50 at the back, 15 to 16 jets of 4, in. holes underneath the 
of upkeep, as in most cases steam users do not keep 32 4 6-769 110 7-30 furnace at the front, and often one large jet, generally a 
very good records of their plant costs, and are reluctant 14 1 3,929 85 9-40 4 in. steam pipe flattened at the end, over the top of 
to give figures when these are much more than what 48 3 4,311 77 13-50 the furnace (that is, 62 to 66 jets per boiler on “ " 
they were led to believe when the stokers were installed. 79 7 4,343 67 15-10 eashire”’ boilers). All jets generally on } in. steam pipe 
Again, the cost of upkeep may be very low for the first 


year or so, but is apt to increase considerably after a 
few years’ running. 

Bearing all these factors in mind, the author thinks 
that on to-day’s price a rough average of £40 stoker 
per annum over and above the cost of upkeep of ordinary 
fire-bars for hand firing would be a reasonable figure. 
That is to say, on an average plant of six boilers, £240 
per annum would be spent in replacing worn-out and 
damaged parts. Of course, in many cases the figure is 
much worse than this, and in other cases the figure is 
remarkably low, even as small as, say, £10 per annum. 
A great deal depends on the conditions as to whether the 
plant is working easily or not, and on the nature of the 
coal burnt, together with the amount of attention given. 
If modern scientific methods were adopted, these costs 
could be kept down to a minimum, say, averaging £25 
per boiler per annum, and this disadvantage in itself 
would not be very serious. On six ‘“* Lancashire” 
boilers, with a coal bill of, say, £18,000 per annum, this 
would correspond to £150 per annum, or, say, 0-8 per 
cent. It is very foolish, however, to argue that thi 
cost is practically nil, especially in view of the fact that 
hun of mechanical stokers have been scrapped for 
this reason alone. 

10. Steam Jets——Mechanical stoker firms say little 
about this item, but the assumption is that the amount 
is negligible. One firm, however, gives the figure as 
4to 5percent. of the production. Opponents of mechani- 
cal firing, in reply, state that is a most objectionable 
element in mechanical firing, although no very definite 
figures have been given as to the amount of steam used. 
These jets are generally used to prevent the reciprocating 
bars being burnt out, and in many cases also to assist 
the draught. As will be seen from Table XIV, the 
question of steam jets is undoubtedly a serious defect 
in mechanical. firing. In estimating the figure for the 
percentage of steam used of the total production of the 
plant, the actual horse-power taken to drive the stokers 
themselves has been omitted as being almost negligible, 
the auxiliary steam being used in the form of steam jets 
under or over the bars. The approximate ave 
figure for the 80 tests amounts to 6-7 cent. of the 
total steam production of the plant, which steam, from 
the point of view of efficiency, can be regarded as com- 
pletely wasted in comparison with ordinary hand firing. 
lhe figures on analysis are as follows :— 





Per cent 
0-24 per cent. of production 9 = 11-25 
24-5 per cent. of production 33 = 41-25 
5-74 per cent. of production 17 = 21-25 
74-10 per cent. of production ... 11 = 13-75 
Over 10 per cent. of production 10 = 12-50 
80 100-00 


These figures, of course, apply to all makes of stokers 
iveraged together. There is, however, a very great 
difference between individual makes of stokers in this 
respect. The author has dealt at some length with 
the amount of steam taken by steam jets in a recent 
article in ENcrverrme (“ Exact Data on the Running 
of Steam Boiler Plants—No. 3: The Amount of Steam 
Used by Steam Jets,” January 16, 1920) giving the 
results obtained from the investigation of 130 boiler 
plants, ineluding 11 different types of hand-fired furnaces, 
and eight different types of mechanical stokers. 

, oa results of the 80 tests can be summarised as 
ollows :— 

Sprinkling Stokers : Type A.—The steam jet ap 
consists essentially of a varyi 
ot approximately 44, in. to } in. 


us 
number of jets, 20 to 37, 
holes on } in. steam pipe 





2 * Paper read before the Institution of Mechanical 
“ngineers on March 19th. 


























Type B.—The steam jet apparatus consists essentially 
of six to eight jets, of approximately y; in. to } in. holes 




















on full boiler pressure, and with steam supply regulated 
with a hand valve. The average steam consumption 
on 13 plants fitted with this type of stoker is about 
8 per cent. of the production, divid 
































ied as follows :— 
on } in. steam pipe per furnace (that is, 12 to 16 jets 
per boiler on Paseo. ” boilers). The jets are Taste XI. 
situated under the front of the furnace on full boiler 
pressure, and the steam supply regulated with a hand Steam 
valve, which is generally full open. Plant No. of Evaporation Steam Production 
The av steam consumption on 16 plants fitted No. Boilers. per Boiler Pressure, | Used by the 
with this type of stoker is about 5-25 per cent. of the per Hour. J 
production, divided as follows :— = aia Vee SSS Cees 
Ib. r cent. 
Cope Vat. 6 8 6,997 ua | 0-00 
10 1 4,659 107 1-50 
Steam 11 16 9,528 106 3-47 
Plant No. of Evaporation Steam u . A Ke fe 
No. Ts. per Boiler Pressure. | Used by the 67 9 6431 90 7-60 
gos ows. 7 74 4 2;990 75 8-00 
—ov — eee eee 19 5 5,938 106 9-25 
63 1 5,393 54 9-60 
Ib. per cent. 76 3 5,408 84 9-60 
55 2 7,054 147 0°55 36 2 6,583 147 10-40 
= . — 4 os 52 2 5,915 160 17-60 
30 8 4,659 58 3-20 re 7 _ " at 
sii] | 8) 8 a 
’ » pe D.—The steam jet ap tus consists essentiall 
: pte nf [= of a jets of approximately 4 in. holes on 4 in. qeem 
80 2 27212 42 4°47 pipe per furnace (that is, 18 jets per boiler on “ Lanca- 
50 3 6,255 135 4-93 shire’’ boilers) underneath the furnace at the back. 
53 3 6,046 154 5-95 All jets on full boiler pressure and steam supply regulated 
» H or be a with a hand valve. 
72 2 5,601 130 8-90 Taste XII. 
51 a 6,316 80 9-00 
46 2 7,002 148 10-00 Steam 
Plant No. of Evaporation Steam Preduction 
4 e = No. Boilers. per Boiler Pressure. | Used by the 
Type C.—The steam jet apparatus consists essentially per Hour. Jets. 
of 22 jets of approximately ,', in. holes on } in. steam luv (2) f ut a 
pipe per furnace (that is, 44 jete per boiler on “ Lanca- 
shire” boilers). The jets are situated under the furnace Ib. per cent. 
at the back on full boiler pressure. Steam supply 16 3 7,737 78 7-20 
regulated with a hand valve, which is generally kept very 
little — The average steam consumption on seven E consists essentially of seven jets, of approxi- 
plants fitted with this type of stoker is about 5-06 per | mately 4, in. to } in. holes on } in. steam 
cent. of the production, divided as follows — 




















furnace (that is, 14 jets 


boiler on “ 
































boilers). Jets situated un the front of the furnaces 
Taste VIII. on full boiler pressure, and the steam supply regulated 
with a hand valve, which is generally full open. 
Steam The average steam consumption on nine plants with 
Plant No. of | Evaporation Steam | Production | this type of stoker is about 7-5 per cent. of the produc- 
No. Boilers. per Boiler Pressure. | Used by the | tion, divided as follows :-— 
per Hour. Jets. 
Taste XIII. 
Ib. per cent. Sten 
45 5 7,557 4 4 Plant No. of Evaporation Steam roduction 
¢ . Hyd 4 a4 No. Bollers. | per Boiler | Pressure. Used by the 
15 5 6,144 61 4-20 pat Hour. Jom. 
" 3 raat 31 $-40 ee Ole | ee 
¥ Ib. r cent. 
78 2 2,848 96 17-20 87 2 4,468 187 pe 02 
“a “4 7703 “ 5-80 
‘ , 4 A . 
Coking Stokers (Overfeed): Type A.—The steam jet 61 4 4,211 74 6-02 
apparatus consists essentially of 37 jets of approximately 23 18 7,401 112 6°60 
jz in. holes in a special casting per furnace (that is, 74 3 5,946 114 7-02 
jets per boiler on “‘ Lancashire” boilers). The jets are 64 9 4,955 a 7°30 
situated under the furnace at the back on f 4 B ane 4 Bp 
pressure, but the steam pipe connected to the cast is ’ 
much restricted at one point inside, so that the total 
amount of steam passing is small. The supply can also| Coking Stoker (Underfeed).—In considering “ under- 
be regulated with a hand valve. The average steam | feed” coking stokers, whilst these do not use steam jets, 
consumption on four plants fitted with this t of | the forced ght used must be included purely as 
stoker is about 2-3 per cent. of the production, divided | a steam. The reason is that this type of stoker 


as in Table IX. 


will not work with a chimney draught, whereas the 
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THE PERFORMANCE OF MECHANICAL STOKERS. 
TABLE XIV. 


EXACT DETAILS OF THE PERFORMANCE OF EIGHTY TYPICAL MECHANICALLY-FIRED “ LANCASHIRE” STEAM BOILER PLANTS (GREAT BRITAIN). 






































| a = = A a - eo g * a - 
3? e 8 | Analysis of = 2 zz Draught = Tempera- : 
y Rt + E Ps EB Coal Burnt. a z ‘S (in. Water 3: : ture o: & 7 
, : KE we S a =| das ‘ =| Z| Gauge) -& Flue Gases | « - 
a a = Seog £ 2 . a oe il P © oh 
s % < = #EEE © e < = 818 : | eal io 4\c Ss | Weg. F.) =] S 
a| & § % | g6o> 3 E | self | sat] 4 s| 8. aS) gel. a! 3s R=) £ 
2| 3 a | a 382 - Size of Boilers. b £3 2 > OC) ae z a eS 26 is , | as a cL hae gt a 
4 es _ So — 
2|3| 2 | =| atge 5 GFE leas) REIS | SS | GSES Ra) 2 eek! | 28] 8) 2S] 3 
S| - | 2 | Gary |* Sis |s|éan| 83/8) 2 | Pk)Rol es) © |Reae | 56) S8| = e 
3 5 g f ES ‘“ ° - = Es] 3s \ > sei<eé 3 
| s Oa 2 Ul 4 = a s = > ° 
}a| 88 e\¢ ela |2) £ 18 |SSl6s|*|] fe | 8) 818 | & 
: ae WEE. aay seme een A icieatt ‘ a = a 
(1) (2) (3) (4) (5) > (7) (8) | (9) | (10) (11) | (12)) (18) (14) | (15) (16) | (17) 18) (19) | (20) | (21) (22 
1 | 1915| Dyeing 76)8 A 2 30’ x 8’ 6 76 60 | 10 } 13,033 6 18,368 | 1,212 31 | 0-9 | 0-5 g 608 | 340 | 11°8 | 173,520 
slins|Gmmm. | aca |e 8 [as| Spee | at laaml S| & [tate 2] terme |aag) aioe lee] A | Se Se] oo |, tab 
3 0s. ° 30’ f N x 2 ° ° . 002,899 
4 | 1015] Dyeing..| 6-5/8 A 4 | (2)26’x 8’ 6” (2) 26’x 7 130 240 6 N 12,431 8 21,728 834 26 | 0-8 | 0-5 Fg 717 | 444 | 13-0 "191,100 
5 1914 | Paper 6-8 | Co A 2 30’ x 8’ 6” 57 288 8 M 12,760 8 14,196 | 1,052 38 | 1-7 | 0-7 None 612 | 336 | 10-5 | 108,799 
6 | 1919| Cotton ..| 9-5 | Co Cc 3 (2) 30’ x 9° (1) 46’x 9 117 360 | 10 8 12,699 6 26,516 930 24 | 0-7 | 0-5 L 612 | 360 8-0 199,403 
7 | 1916/| Dyeing 9-0; 8 Cc 3 |(2)28’ x 8’ 6” (1) 28’ x 7°6”| 123 256 8 8 10,015 | 13 27,860 | 1,032 25 | 0-6/ 0-3 Vg 608 | 420 7-0 173,380 
8 | 1919; Wool. ..| 80/58 A 2 30’ x 8’ 6” 30’x 8 75 128 8 N 12,815 | 11 13,888 868 23 | 0-7 | 0-5 F 495 | 329 | 10-0 107,426 
9 ae of ee He = > ; 28" og 99 i 8 M os “ we b+ 4 0-4 | 0-3 He —- — | 10-0 133,807 
10 | 191 ool. .. “§ 28’ x 7’ 30 2 6 M 12 0 2 0-8 | 0-5 739 | 599 9-0 38,813 
11 | 1917| Explos. {169-5 | Co Cc 16 30’ x 8” 576 | 1,280 | 10 M 11,325 9 |3,554,852 | 1,311 36 | 1-0 | 0-6 M 633 | 318 | 12-0 |2,584,116 
12 | 1917| Eng. ..| 8-0 | Co E 5 30’ x 8” 195 576 8 M 11,000 | 19 43,500 | 1,088 80 | 1-5 | 0-5 M 685 | 435 9-0 | 292,500 
i |ine| Quam] $313 | r/@Marx gee e| wer) age) sg) gages lag] Aes ee] alas /sa]  M | Be] Se | 28) deca 
14 Jotton .. ° ‘x 8 é t " + 0-4 3} 309 5- 31,430 
15 | 1914 | Cal. pr. 8-0; 8 Cc 6 | Various (about 30’ x 8’) 207 640 8 Ss 12,526 | 12 37,576 783 23 | 0-8 | O-4 M 612 | 374 8-5 | 294,910 
16 | 1914| Dyeing..| 7°83 | Co D 3 | (2) 30’ x 9 (1) 30’x 8’ 6” 114 192 8 8 12,941 6 20,020 920 24 | 0-8 | 0-4 M 604 | 410 9-5 | 168,280 
17 | 1916} Wool. .. 83/58 A - 30° x 76 224 8 8 12,157 | 19 9,604 582 15 | 0-5) 0-3 G 531 | 328 6-5 71,030 
int] Seme"| $3 |. 3] e] | meee | ues) asl 8] [tame a) apes aes | eae eg] | ee] ae | S| sera 
9 xplos. . ° I , 2 : 2 . 020 
20 oot pyens ‘ 3) » . 2 : (2) 30’ x yt 4 (2) 30’x 7°6"| 130 = : 8 12,678 8 pe 622 19 | 0°5 | 0-2 Ys 520 | 268 7-0 | 209, 
21 | 1911 tten ..| 11: yx 8’ 108 86 8 13,672 7 34,370 | 1,018 28 | 0-5 | 0-3 720 | 443 | 11-0 | 276,540 
22 | 1918| Dyeing..| 9-0); 8 A 3 | (2)30x 8’ 6” (1) 30’x 8’ 112 192 6 8 10,745 6 22,008 81 21) 1-6 | 0-6 M _ _ 7-0 136,541 
23 | 1917} Explos...| 24-0 | Co E 13 30’ x 8’ 528 | 1,280 8 8 11,793 | 11 | 309,792 993 24 | 0-5 | 0:3 G 772 | 649 | 11-0 |2,309,138 
24 | 1917| Explos...| 24-0 | Co E 10 | (6) 30’ x 8’ (4) 30’ x 8’ 6” 419 960 8 8 10,517 | 13 | 264,768 | 1,103 26 | 0-5 | 0-3 G 709 | 612 9-0 |1,662,500 
25 | 1915) Wool. ..|; 10-2) 8 B 3 30’ x 8’ 6” 117 280 8 8 12,460 | 13 24,416 801 21 | 1-2 | 0-6 L 394 6°8 185,120 
alist] wore. *S/8 8 | 3] eee | ae] sels] g [ane] eee] a) Selo] ee | ale] bs | tam 
2 ,. ae ° 28’ x 7’ 6” . 2 ° ° 353 | 11- 610 
28 | 1014| Paper 96/8 A 6 | Various (over 30’ x 7° 6’)| 202 288 8 8 12/439 8 41,272 718 21 | 0-9 | 0-4 Ve 668 | 442 9°5 | 308,440 
29 | 1911 | Wool 10-0 | 8 B 4 (2) 30’ x 9 2) 30’ x 8’ 127 330 8 8 13,133 8 34,608 865 27 | 0-9/| 0-3 M 530 | 425 9-5 | 276,590 
30 | 1915 | Wool 7:7 | Co B 3 | (1) 30’x« 86 (2) 30’ x 8’ 129 384 8 8 12,720 | 13 14,000 609 14} 0°8/ 03 L 569 | 284 7-5 | 107,070 
31 | 1918) Paper 8-0 | Cu B 2 27’x 7 6” 78 Nojne M 11,500 | 18 11,424 714 18 | 0°5 |.0-2 None 557 |None! 10-0 738,350 
32 | 1916) Cal. pr 24:0; 8 A 4 | (3) 30’ x 8 6” (4) 30’x 8’ 134 8 M 11,248 | 13 71,400 | 1,061 82 | 0-6 | 0-4 Bad 647 | 382 7°0 | 455,740 
83 | 1917| Explos. {167-5 | Co E 15 30’ x 8 683 | 2,816 | 10 M 11,251 | 12 |2,454,200 977 22 | 1-2 | 0-4 M 599 | 321 | 10-5 |1,642,100 
34 | 1917| Explos 10-0 | Co E 3 30’ x 8’ 6” 132 480 | 10 8 10,123 | 17 40,572 | 1,352 10 | 0-6 | 0-3 Veg 540 | 370 | 10-0 | 221,475 
35 |1018| Hat ..|; 90) 8S A 1 30’ x 8’ 36 96 8 8 12,776 3 11,452 | 1,272 35 | 1°56 | 0-7 None 749 | 650 6-0 78,600 
36 | 1918! Paper ..| 8-0 | Co Cc 2 30’ x 8’ 70 480 | 10 M 11,715 | 11 15,960 998 29/ 1-0 | 0-5 Vg 570 | 400 6-0 105,328 
37 | 1911] Hosiery | 10-3 8 oC 3 |28’x 7 6°+ small vertical] 102 72 6 N 11,330 4 24,780 409 18 | 0-6 | 0-5 None 730 | 540 8-3 | 152,890 
sists] Roms | "b3/8 A | s[OMeeper ee] g] asl sl x |weela| Mut) eel alas leg) S| Be) ae] 79 | deere 
39 Tr ‘ dtdg ) ’ X ° ° 474 3 7-0 47,159 
40 | 1916 Colliery 8-3) 8 B 2 28’ x 9 28’x 9 6” 83 Nojne Cc 9,509 | 12 27,216 | 1,649 40 | 0-8 | 0-2 Vb 780 | None} 10-5 | 140,050 
41 | 1918) Explos 8-5 | Co E 4 4 0’ xv 177 560 | 10 8 12,300 6 39,312 | 1,156 26 | 0-6 | 0-3 G Not ditrmd 9-5 | 261,879 
42 | 1918| Engin/g 80) 8 A 2 30’ x 8’ 28’x 7’ 6” 73 160 8 L 12,350 Y 11,816 739 20 | 0-8 | 0-3 G 620 | 378 6-0 75,742 
43 | 1913 | Wool. 79)|8 B 1 28’ x 8’ 41 144 6 8 13,028 9 8,064 | 1,030 25 | 0-4 | 0-3 None 554 | 372 6-0 58,440 
44 | 1913] Wool. 23-8) 8 0 2 30’ x 7’ 6” 60 160 8 8 12,789 | 12 22,400 472 16 | 0-6 | 0-3 None 518 5-0 | 150,460 
45 | 1911) Cotton 11:0; 8 Cc 5 30’ x 8’ 6” 177 480 8 8 13,030 9 61,320 | 1,115 31 | 3-1 | 0-8 M 680 | 375 5-4 | 415,660 
46 | 1913 | Wool 138-1/| 8 B 2 30’ x 9 89 128 8 8 11,817 | 15 27,664 | 1,057 24 | 0-9/| 0-4 None 671 | 468 7-0 183,175 
47 | 1913| Hat 6-9) 8 A 1 30’ x 8 36 96 8 8 12,776 3 7,896 | 1,156 82 |} 1°65 | 0-7 None 800 | 665 6-0 50,930 
48 | 1918} Paper 8-0) 8 A _ 30’x 8’ 72 288 8 8 11,746 | 13 16,800 700 29; 0-5 | 0-3 Ve 450 | 320 | 11-0 103,473 
$0 |1910| Dyeing | 83/8 Bl 3| sone” 1i7| 388|'8| 's” |iteor|16| esisi2| oos| 2s|a-0\o-4| @ | S0| 1e| 20 | 150008 
50 ring . x « ‘ . * 
51 | 1015 Wool. 8-0)8 B 4 | (3) 30’ x 8’ 6” (1) 28’x 8’ 164 400 | 10 8 12,7380 | 12 29,344 917 22) 1-2 | 0:3 G 597 | 328 8-0 202,120 
52 | 1917] Explos 9-0 | Co Cc 2 30’ x 70 320 | 10 8 12,443 4 14,784 821 24) 0-6 | 0-4 Ve 650 | 459 6°0 106,470 
53 | 1917) Hosiery 8-3) 58 B ‘ 30’ x 8 114 192 8 Ss 9,341 | 18 30,044 | 1,214 32 | 0-6 | 0-3 G 589 | 492 4-0 149,644 
s)istgl wen (43/8 $1 El ate | | ol |B [nem] | iets ae] legos) gee Ltn) Bae 
55 | 1919 yoo! 7 2 ‘x 8 6” x »334 4 0- 4 B 5 
oe | tee) ere | csi 8. SI] e] res eeere | Sl le) Feel el eel west set Be as att re] sees 
xplos ° 0 2 , ’ 6" n f ‘ ‘ ° ° one ’ 
1916 | Wool 9-8; 8 A 2 30’» 9 30’x 8 6” 78 320 | 10 8 10,902 | 14 22,540 | 1,156 30 | 1-2 | 0-9 ¢ 689 | 448 6-0 112/880 
59 | 1911 | Wool 10-0 | Co A 5 (3) 30’ x 9” ® 30’ x 8’ 168 876 8 8 14,691 4 43,036 1 26 | 1-0 | 0-3 M 460 3-5 | 301,860 
60 | 1915| Dyein 8-1/8 A 3 30’ x 7° 6” 108 224 8 N 10,810 | 12 15,000 619 17 | 0-5 | 0-4 M 570 | 443 7-0 77,140 
61 | 1919) Engin/g 7-5 | Co E 4 27’ x 7° 127 Nojne M 11,366 | 17 21,672 722 23 | 0-8 | 0-6 G 597 | None| 7°3 | 126,332 
62 | 1912 Paper 9-9 | Co A 1 80’ x 8’ 6” 30 6 N 12,386 8 12,768 | 1,288 43 | 2-4/ 1-3 None 611 | 431 3°56 5 
} 
63 | 1918] Dyeing 9-5 | Co Cc 1 30’ x 8” 37 6 N 12,970 | 10 7,600 800 21) 1-6 | 0°5 None 485 | 348 6-0 51,234 
64 | 1918) Explos. 8:5 | Co E 9 30’ x 8’ 351 | 1,760 | 10 M 11,850 | 12 67,480 882 23 | 1-1 | 0-8 Ve Not djtrmd 8-0 | 378,970 
66 |19i7| chem.| 73/8 al 8 30° 8 jos | t92| '8| 8 | 8500] 10| ta525|"oso| 18/20/08} M | Ses| 308| B-0| -s7s00 
66 | 1917} Chem, ..| 7:5 30’ x 8’ 2 ’ q : ’ 
67 | 1918] Paper ..| 9-0} Go © 2 | (1) 30’x 8’ (2) 27’x 7 6” 66 96 | 6 4 11,785 | _—— 1,132 | 34 | 0-9] 0-5 Tee 332 = . pny 
68 | 1918| Explos. 10-0 | Co Cc 6 30’ x 8’ 234 560 | 10 . > 888 23 | 1-5 | 1-0 g 548 . ’ 
69 | 1911 Dyring 10-5 | 8 A 8 30’ x 8” 99 288 8 8 13,041 | 10 17,556 557 17 | 0-4] 0°3 G 440 | 251 5-8 | 102,610 
70 | 1014/| Chem. ..| 9-0 | Cu B 2 28’x 7° 6” 24’x 7 6” es Nojne N 11,870 8 10,080 560 — | 0-5 | 0-3 M 596 | None} 8-0 53, 
71 | 1918| Paper 8-0 | Co BR 3 (1) 80’ x 8’ (2) 28’x 7’ 93 192 8 8 12,150 | 11 21,056 877 28 | 0-6 | 0-3 Vg 560 | 350 6-0 | 123,477 
72 | 1918 say 33 H E 2 30’ x 9 30’x 8’ 92 182 4 8 ae 4 or kee 1,029 = 1 3 0-5 Fs = 4 4 pend 
73 | 1016 00) . A 2] 28x 7 6 28x 7 64 144 8 , 4 2 1 0- 0-4 [4 . ’ 
74 | 1918| Chem 9-0 | Co Cc 4) 30’ x 7’ 6” 132 No|ne 8s 10,150 | 15 23,500 653 20 | 1-1 | 0-7 M 675 | None} 7°5 | 107,650 
75 | 1918 — ro .. A 7 30’ x 9 273 No}ne Ss yond 21 sane 1,030 26 | 1-6 | 0-7 ¥ eee —y ee —— 
76 | 1918 r 8- Cc 3 30’ x 8’ lll 192 6 8 120 8 4 7 26 | 1-1 | O-4 Yot ditrm “ |, 992 
77 | 1918 aber 8-0 | Cu A 4 | 30’ x 8’ 6” 165 $20 | 10 Peas | 11,449 | 10 34,720 | 1,085 26 | 0-6 | O-1 G 5 7-0 | 164,540 
pe 
78 | 1919/ Textile 6-8); 8 Cc 2 30’ x 7° 6” 68 160 | 10 Sing | 10,879 Q 8,512 631 19 | 0-9 | 0-5 G 604 | 452 5-0 38,450 
79 | 1917| Colliery 75)8 A 7 | (4) 28’ x 7° (8) 30’x 8’ 253 Nojne Ss 10,050 | 12 51,520 981 27} 1°3 | 0-7 G Not ditrmd 8-0 | 228,022 
80 | 1917| Dyeing 8-5/8 B 2 24x 7 66 Nojne Peas | 10,789 9 8,848 521 16 | 0-5 | 0-3 G 660 | None} 8-0 37,609 






























































Nors.—It has not been found possible to print the figures in Table XIV to decimal points exactly as received, because of the difficulties in arranging such a large table. 
Please note, however, that :— 


(Col. $3).—Duration of trial is given to one se of decimal only. (Col. 7).—Grate area is given to nearest figure without decimal places. (Col. 12).—The percentage 
ec: 


of ash is ae to the nearest without imal places. (Col. 14).—The figures for the coal burnt per boiler per hour are given to the nearest figure without 
decimal places. (Col. 26),— —- saving due to economisers is given to the nearest figure without decimal places. (Cols. 37—40).—The efficiency figures 
are given to the first place of deci only. (Col, 42).—In the long check-test the weight of coal and water used is given in tons with one decimal place. 
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THE PERFORMANCE OF MECHANICAL STOKERS. 
TABLE XIV.--continued. 


EXACT DETAILS OF THE PERFORMANCE OF EIGHTY TYPICAL MECHANICALLY-FIRED “LANCASHIRE” STEAM BOILER PLANTS (GREAT BRITAIN). 




































































= 2 Analysis of | & 3 Po is s |238 |S Efficiency of Plant. Long Check Test (One Week). 
= .|Temmue- | 8 .|Boterteea | F./2 | BH loge Re, |e | | 
BF |wecd Water| aa | Waterss | SZ) E3| du | SEs BS/ SR | ZotlBsesel+ |. |, le | al 2 z g. | 
eS | (Deg. F.). | 8 going into  l3cl «8 |osze SSlen.n| oe Sleesdel& |S |2 |8 4 | Bop | BS | ot 
zz g ers es si so 5560 e— gas esc Sener 7 62/52/18, & ae 8 FS g 
& os Bs a . Se + - eles ise § ‘ 
a. -1ok athe i a 2S 2§ oBek& Re tin ae gat oat Bas - |S |fe)/&s oé = ae | ad gt a 
$21.5] S|8-| be | ES] £*] ge! 3s |Téss nua, Bo | ea | Sse | esse |S |g5 95/68/82 | $8 | Be) sels 
ze 108 Z/As| ES cel a” $5) 24 |e"se Msi ESS | ESR | SasuS| » | $- | Se 4 As Ba | a 
sz lee (Se |z4| =e | S| ee] a8! By lefce ed| st | ch |"Seagle> |ER/ee/E- | | Pe | 2 | Ba] 2 
= = . :{ S R = F : : =3” = B/S /5 ies os 2 
Shas (<5 12 | 52) 82/3 |e | 8s [see S"|3e [3s |Boggsl@ [2° (5/4 g| df | 2) BS) * 
= 5 Ria me Sel m ra aS |a<e Ee 5A BA BAS % m = S e = 
| 
(23) | (24) | (25) | (26) | (27) | (28) | (29) | (30) | (81) (32) (33) (34) | (35) (36) (37) (38) | (39) | (40) | (41) | (42) | (48) (44) | (45) 
1,145 | 121% 275| 14] 11 4 | 157 | 369 3-3 -- 9-4) 10°8| 829 80-1 |68-9 |11-4 | 2-6 | 169 | 95-0) 199,950 | 9-3 4,7 1 
19 | 112 | 283 16 3 1 159 370 465 2-1 - 9-0 10-3 801 79-7 65-5 |12-1 | 8-8 | 168 | 69-5) 182,672 | 8-51 | 3,750 2 
435 | 103 | 231 12 16 6 102 339 379 7°5 - 79 9-1 838 76-1 71-5 | 9-5 | 1-3 | 166 |574-6) 981,767 | 7-63 | 26,260 3 
735 | 113 | 264 14 17 6 78 322 | None 4-9 _- 8-8 10-0 804 74-1 70-0 |10-9 | Nil | 167 |129-8) 244,001 | 8-39) 6, 4 
806 92 | 289 18 6 1 189 383 540 2-3 Ind. draught 1 per cent. | 7-7 9-0 708 72-1 56-4 112-0 | 5-3 | 167 |118-9) 199,130 | 7-47 | 5,500 5 
Steam jets 1-30 per cent. 
700 92 | 241 13 8 1 144 363 437 None | Steam jets not used oof 795 8°8 695 | 69-7 58-2 | 9-0 | 2-6 18 | 20-9} 35,362 | 7-54 | 4,000 6 
642 | 113 | 255 13 7 4 61 299 442 5°4 — 6-2 7-0 702 68-5 59-0 | 9-0 | 4°5 | 168 |104-9) 137,004 | 5-83 | 5,245 7 
671 | 104 | 213 10 8 0 153 367 552 9-0 Ind. draught 2-5 per cent.) 7-7 9-0 702 67-2 61-1 | 6+7 | 6-1 | 168 | 46-8) 73,062 | 6-97 | 2,500 x 
Steam jets 6-5 per cent. 
595 67 | 215 13 10 8 114 347 | None 7-0 _ 6-0 71 748 67°1 62-9 | 9-4 | Nil | 165 |120-7) 167,768 | 6°20 | 6,500 ot) 
99 | 203 4 0 107 342 | None 1°5 _— 77 8-9 702 66°8 61-4 | 6-4 | Nil | 168 | 29-7) 47,270 | 7-10 1,750 | 10 
953 | 119 | 268 14 8 0 105 341 | None 5-5 | Ind. draught 2 per cent. | 7-2 8-3 730 66-7 60-9 | 9-7 | Nil |Alrea/dy cajrried out |instead| 79,000 | 11 
Steam jets 3-47 per cent. of “daly” 
731 | 165 | 255 8 6 3 102 339 535 5-8 _ 6-7 7°3 665 66-6 58-8 | 5-6 | 6-3 | 168 |367-5) 535,000 | 6-49 | 19,500 | 12 
594 | 181 | 305 12 + 1 108 343 426 6°3 _- 6-8 7°3 701 66-4 59-6 | 8-2 0 | 169 |134-2) 203,737 | 6-77 7,500 | 18 
393 93 | 215 10 18 9 $28 | None 9-4 - 8-5 9-5 733 66-4 65-1 | 8-2 | Nil | 169 | 15-5) 24,850 | 7-18 1,200 | 14 
614 | 106 | 269 15 2 0 61 8 | None 4-2 _- 7-8 8-7 691 66-2 58-7 |10°3 | Nil | 167 |121-0| 215,050 | 7-93 7,400 | 16 
774 | 110 | 246 12 4 1 78 $322 | None 7°2 _ 8-4 9°5 735 66-0 62-7 | 8-4 Nil | 168 | 98-8) 171,830 | 7-76 | 4,900 | 16 
431 | 100 | 259 14 4 2 122 $51 | None 3-4 - 7-4 8-5 701 66-0 58-4 | 9-8 | Nil | 168 | 40-0) 59,820 | 6-62 | 2,400 | 17 
583 | 105 | 245 13 8 5 110 435 8-8 _- 5-9 6°8 677 65-9 57-2 | 8-4 | 2-9 | 168 |126-0| 14,500 | 5-18) 7, 18 
593 43 | 218 15 2 1 106 $42 | None 9-3 _ 6-6 8-1 747 65-6 61-3 |10-9 | Nil | 167 |805-3) 525,000 | 7-67 | 15,250 | 19 
532 98 | 241 13 7 5 96 $35 | None 3°6 _ 7-7 8°5 674 65-4 59-0 | 8-8 | Nil | 174 |101-9) 165,980 | 7-27 | 5,500 | 20 
819 | 119 | 260 13 7 0 159 370 425 2-8 _ 8-0 8-9 652 65-3 56-8 | 8-5 | 1-8 Not cjarried ou|t 4,750 | 21 
506 | 123 | 299 16 9 1 101 339 451 2°5 Ind. draught 2 per cent.| 6-2 7-0 654 65-1 52-9 |10°-4 | 3-5'| 168 | 66-6) 100,448 | 6-73 | 3,750 | 22 
Steam jets 0 -50 per cent. 
740 | 108 | 237 12 8 6 112 345 | None 7°6 Ind. draught 1 per cent.) 7-5 8-6 727 65-0 62-1 | 8-3 | Nil Not cjarried oujt 38,500 | 23 
Steam jets 6-60 per cent. 
693 | 107 | 242 12 7 7 136 8359 517 5-5 | Ind. draught 1 per cent.| 6-3 7°3 689 64°7 55-9 | 7-8 | 4-9 Not cjarried out 33,000 | 24 
Steam jets 4-52 per cent. 
607 | 129 | 284 14 7 2 88 330 | None 4-3 - 7°6 8-2 661 63-3 56-5 | 9-6 | Nil | 170 |121-1) 213,600 | 7-87 | 6,500 | 25 
408 | 152 | 230 4 2 52 300 | None 2°7 _ 7-0 7°3 648 63 -2 )-1 | 4-9 | Nil | 175 | 79-0) 122,420 | 6-92 | 3,900 | 26 
638 | 141 | 295 15 9 6 93 833 | None 3-1 _ 7°6 8-4 659 62°5 55-1 | 9-4 | Nil | 170 |144-6) 259,840 | 8-02 | 7,500 | 27 
537 | 133 | 270 13 4 0 86 $28 | None 3-8 _ 7°5 8-1 649 62-5 56-6 | 8-3 | Nil | 168 (255-7) 424,829 7-42 | 14,250 | 28 
692 | 100 | 204 9 5 1 100 8338 | None 6°5 _— 8-0 8-9 680 62-2 ‘2 | 6-2 | Nil | 168 |112-3) 196,626 | 7-82 | 5,550 | 20 
466 | 147 | 293 14 7 2 306 | None 3-2 _ 76 8-4 660 61°8 54-9 | 8-9] Nil | 168 | 66-2) 106,900 | 7-22 | 3,500 | 30 
461 | 161 | None! Nil 8 6 99 337 427 2-9 ro draught 2-90 per| 6-5 7-1 708 60 -3 59-5 | Nil | 2-7 69 | 40-7) 62,210 | 6-83 | 4,500 | 31 
cent. 
677 | 147 | 234 8 8 110 344 474 7°3 _— 6-4 7*1 629 60-1 55-8 | 5-0 | 4-0 | 170 |167-9| 251,910 | 6-69 | 7,850 | 82 
653 88 | 260 12 7 1 157 369 | None 11°4 _ 6-7 7-9 701 60-1 57-4 |10-4 | Nil |Alrealdy S tried out |instead) 41,000 | 33 
of| “day” 
738 | 120 | 275 17 2 1 145 363 553 8-0 _ 5°5 6-3 623 59-9 51-0 | 8-6 | 5-5 | 168 |237-5| 286,400 | 5°38 | 11,500 | 34 
873 | 109 | 280 16 8 2 103 340 445 5-0 Ind. draught 2 per cent.) 6-9 7°6 592 59°5 60°3 | 0-4 | 3-1 Not cljarried ou/t 1,400 | 85 
Steam jets 3 per cent. 
658 | 121 | 296 16 7 4 147 364 559 12°8 Ind. draught 2-40 percent.) 6-6 7°6 644 59-4 52-2 110-0 | 5-9 | 165 |110-6) 162,040 | 6-54 5,500 | 36 
Steam jets 10 -4 per cent. 
438 88 | 149 3 1 59 307 | None 3°5 _ 6-2 6-9 612 58-9 57-7 | 3-4 | Nil | 168 | 67-6) 97,768 | 6-40 | 3,400 | 37 
706 | 104 | 217 10 6 1 110 344 | None 2°5 _ 7-2 8-0 577 58-6 53-9 | 6-2 | Nil | 168 | 90-1) 135,730 | 6-73 | 4,480 | 38 
337 | 172 | 295 16 3 2 141 361 482 5-3 _ 6-8 7-4 600 58-3 51-1 | 6-9 | 8-7 | 168 | 61-3) 93,800 | 6-83 | 3,000 | 39 
849 | 161 | None| Nil 7 2 80 324 541 3-0 _ 5-1 5-6 584 58-2 56-9 | Nil | 3-1 | 168 |157-0) 180,280 | 5-13 | 8,000 | 40 
770 88 | 311 20 8 3 98 837 | None 5°6 _ 6°7 7°8 633 67-8 48-9 |12-3 | Nil 298-2) 486,000 | 7°27 | 14,500 | 41 
474 90 | 261 16 10 0 110 344 | None 2-1 _ 6°4 7°5 606 57°5 49-6 | 9-0 | Nil | 144 | 43-2) 72,730 | 7-51 8,340 | 42 
746 | 130 | 215 8 15 0 116 348 | None 5°5 Ind. draught 2 per cent.) 7+2 8-1 627 57-4 55- 4-8 | Nil | 153 | 46-6) 70,228 | 6-73 | 2,760 | 48 
Steam jets 3-50 per cent. 
317 | 100 | 233 12 8 2 93 833 | None 3-4 _ 6-7 7°5 586 56-7 51-6 | 7-1 | Nil | 173 | 55-8) 90,300 | 7-23 | 2,750 | 44 
756 95 | 311 19 8 3 161 371 450 5-0 Ind. draught 2 -50 percent.) 6-8 7-7 589 56-7 47-5 |11-4 | 2-8 | 168 |152-0/ 225,400 | 6-62 | 7,850 | 45 
Steam jets 2-50 per cent. 
700 | 117 | 241 11 7 5 148 365 | None 10-0 _ 6-6 7°3 621 56-0 65-1 | 7-1 Nil | 147 } 68-4) 96,715 | 6-31 3,000 | 46 
746 | 107 | 246 13 3 2 100 338 425 5-2 Ind. draught 2 per cent.) 6°5 7-1 657 65-5 49-0 | 7-1 | 2-4 | 146 | 53-6) 88,270 | 7°85 | 1,100 | 47 
Steam jets 3-20 per cent. 
431 | 110 | 213 10 8 0 77 322 506 13-5 — 6-2 7-0 599 55-1 52-4 | 5-5 | 5-0 | 169 |121-0) 156,770 | 5-78 | 4,900 | 48 
360 | 108 | 278 16 4 1 328 482 3°8 _ 6-7 7-7 575 55-1 46-9 | 8-7 | 1+7 | 151 | 31-6) 43,790 | 6-21 2,000 | 49 
626 | 153 | 317 16 3 1 135 358 | None 4-9 _ 6-3 7°0 597 55-0 48-7 | 9-0 | Nil | 170 |112-8| 169,027 | 6-69 | 5,750 | 50 
632 | 107 | 276 16 10 2 324 | None 9-0 — 6-9 79 619 54°5 50-6 | 9-3 | Nil | 167 |162-0) 260,952 | 7-16 | 8,250 51 
592 | 151 | 333 17 5 1 160 871 463 17°6 _ 72 8-2 658 53-8 51-6 |10-7 | 3-0 | 168 |186-7| 223,524 | 7-30 | 6,950 | 52 
605 | 120 | 269 14 6 0 154 868 | None 6-0 —_ 5-0 5°7 610 53-7 49-3 | 7-8 | Nil | 168 |127-7| 146,686 | 5-12 | 6,900 | 53 
307 | 123 | 208 3 1 112 345 | None 2-7 _ 5-8 6-3 537 52°8 50-0 | 4-3 | Nil | 155 | 30-1) 41,140 | 6-10 1,385 | 54 
705 | 107 | 217 10 % 1 147 364 489 0-6 —_ 5-3 6-1 515 52-6 44-8 | 5-0 | 3-1 | 168 | 63-1) 90,760 | 6-42 | 3,250 | 55 
575 | 125 | 231 10 4 0 82 825 | None 4-4 —_ 6°5 7-4 567 52-5 49-4 | 5-4 | Nil | 168 | 65-1) 94,052 | 6-45 | 3,250 | 56 
446 82 | None| Nil 3 0 187 883 | None 3-9 _ 5°7 6°5 541 62-1 54-2 | Nil | Nil | 168 |136-4) 163,260 | 5-34 | 6,900 | 57 
579 | 110 | 303 18 6 1 104 340 461 4-1 _ 5-0 5-7 526 51-7 41-9 9-0 | 3-0 Not cljarried out 3,300 | 58 
604 | 107 | 215 10 4 1 90 331 | None 2-5 — 7-0 8-1 548 51-7 47-8 | 5-2 | Nil | 168 |152-0| 230,160 | 6-85 | 7,400 | 59 
318 91 | 165 7 4 2 74 319 | None 3-5 _— 5-1 6-0 551 61-5 49-8 | 3-6 | Nil | 150 | 46-8) 56,320 | 5-37 2,600 | 60 
421 | 146 | None! Nil 9 0 74 319 | None 6-0 _ 5-8 6-4 566 51-4 54-7 | Nil | Nil | 152 | 82-9) 104,000 | 5-66 | 4,500 | 61 
791 | 145 | 232 8 2 1 150 366 | None 4-8 | Ind. draught 2-50 percent.) 6°1 6-9 554 51-0 49-2 | 4-4) Nil 86 | 60-0) 80,536 | 5-99 | 4,250 | 62 
Steam jets 2-25 per cent. 
539 | 125 | 262 13 4 0 54 302 | None 9-6 —_ 6°7 7°6 582 50-9 49-1 | 7-°3 | Nil | 168 | 30-7) 42,335 | 6-13 | 1,550 | 68 
496 92 | 234 13 7 2 324 357 7°3 — 5-6 6°5 550 50-1 46-3 | 6-9 | 0-9 | 167 |606-7| 860,200 | 6-33 | 32,000 | 64 
623 | 169 | 266 5 5 1 127 354 532 4°3 — 5-4 5-8 506 49-4 44-6 | 4°7 | 4°83 | 168 |354-7) 509,700 | 6-41 | 17,900 | 65 
256 | 125 | 240 11 8 0 75 $20 | None 3°5 -- 4-0 4°5 525 48-9 45-2 | 5-5 | Nil | 168 |101-6) 95,000 | 4-18 | 5,500%) 66 
643 | 190 | 236 5 8 0 90 331 435 76 — 5-7 6-0 611 48°8 47-2 | 2-3 | 3-4 | 168 |126-1) 169,010 | 5-99 | 7,700 | 67 
686 59 | 282 20 6 1 81 325 | None 21-4 — 7-7 9-3 640 48-8 49-9 |12-2 | Nil | 165 |368-1| 592,600 | 7-28 | 17,500 | 68 
326 | 115 | 235 11 10 2 101 339 | None 2°8 _— 5-9 6-5 495 48-1 44-0 | 5-5 | Nil | 168 | 82-8) 41,081 | 5-60 1,675 | 69 
299 | 109 | None! Nil 8 3 88 | 285 | None 2-4 | Forced draught 2-40 per| 5-3 6-0 509 48-0 49-2 | Nil| Nil 57 | 16-0) 20,570 | 5-73 70 
cent. 
514 | 115 | 202 8 10 + 113 346 428 13-8 os 5-9 6°7 552 47-9 49-1 | 4-3 | 2-2 | 168 |127-8) 170,350 | 5-95 | 56,750 | 71 
560 | 106 | 259 14 4 5 130 356 443 8-9 _— 5-5 6°3 517 47°5 43-2 | 7-0 | 2-0 | 165 |114-8) 132,360 | 56°15 | 5,500 | 72 
302 | 104 | 296 18 7 5 74 819 | None 2-6 ad 4°8 5°6 499 47-0 39-8 | 8.5 | Nil | 165 | 68-6) 79,840 | 5-14 | 8,755 | 73 
299 85 | Nil | Nil 12 0 75 320 | None 8-0 a 4-6 5°3 526 46-9 50-9 | Nil | Nil | 168 |178-0| 185,000 | 4-64 | 8,600 | 74 
491 | 102 | Nil| Nil 12 0 62 309 | None 3-6 -- 4°8 5-5 500 46-7 48-4 | Nil | Nil | 192 |464-8) 495,860 | 4-76 | 28,200 | 75 
541 | 122 | 265 13 8 7 84 327 365 9-6 — 5°5 6°3 516 45-9 43-3 | 6-6 | 0-9 | 168 |166-4/ 209,780 | 5-62 | 1800 | 76 
514 | 113 | 248 12 5 1 144 363 495 10-9 | Forced draught and special) 4-7 5°5 475 43-7 40-4 | 5-7 | 3-0 | 169 |153-9) 176,010 | 5-11 7€60 | 77 
Steam arrangement 
285 37 | 285 19 13 2 96 335 | None 17-2 _- 4°5 5-4 495 40-8 40-0 | 9-3 | Nil | 151 | 31-8) 28,081 | 4-18 | 1,550 | 78 
434 | 163 | Nil | Nil 26 2 67 314 398 15-1 — 4-4 4°8 476 40-8 (46-1 | Nil | 1-9 | 168 |400-8| 407,740 | 4-54 | 21,000 | 79 
221 | 139 | Nil| Nil ll & 42 | 289 | None 4-5 — 4°3 4°7| 434 40-1 |41-9 Nil | Nil | 168 | 35-0) 34,910 | 4-45 | 1,760 | 80 



































Notr.—It has not been found possible to print the figures in Table XIV to decimal points exactly as received, because of the difficulties in arranging such a large table. 
Please note, however, that :— 


(Col. 3).—Duration of trial is given to one place of decimal only. (Col, 7).—Grate area is spon to nearest figure without decimal places. (Col. 12).—The Percentage 
of ash is given to the nearest figure without decimal places. (Col. 14).—The figures for the coal burnt per boiler per hour are given to the nearest figure without 
decima ] (Col. 26).—The percentage saving due to economisers is given to the nearest figure without decimal places. (Cols, 37-40).—The efficiency figures 
Sre given to the first place of decimals only. (Col. 42).—In the long check-test the weight of coal and water used is given in tons with one decimal place, 
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ordinary overfeed type of coking stoker and sprinkling 
stokers work quite well with py oe only. "Further 
a certain type of underfeed stoker (Type A) @ special 
arrangement of steam-driven ram which used very much 
more steam than the ordinary drive of mechanical 
stokers (which can be regarded as negligible). In this 
case the total steam, including the fo draught, was 
10-9 ay cent. of the production. In Type , forced 

t 2-65 per cent 


draught only, the average figure was 
(average of two plants). 
The most striking fact is the enormous differences 


between the amounts of steam used by steam jets on 
mechanical stokers on different plants. Thus, the 
lowest figure was only 0-50 per cent. of the production, 
whilst out of the 80 plants, 36 plants have an annual 
coal bill of 300 tons (equal to, say, £450 per annum, or 
over) solely taken up by supplying steam to the jets. 
It is almost incredible that individual firms of high repute 
should be squandering, say, 1,000 to 5,000 tons of coal 
per annum on steam jets alone, without the slightest 
system of control over this expenditure. This question 
of steam jets is a striking example of the necessity of 
scientific methods in the -hole, especially when ren 
are instances of one firm using 5 per cent. of the pro- 
duction and another firm 15 to 20 per cent. with the 
same make of stoker. 

If modern scientific methods were adopted, the average 
figure of 6-7 per cent. of the production could be con- 
siderably reduced. The present high figure is, as usual, 
due to two reasons, namely, defective design of some 
makes of stokers and lack of proper methods of working 
stokers on the part of the steam users. If modern 
scientific methods of boiler plant control were adopted, 
certain types of stoker would very rarely be used on 
boiler plants at all, and for the remaining types the 
figure could be brought down to, say, 3} per cent. of the 
production. This latter is, therefore, an inherent defect 
in mechanical firing. 

11. Cost of Labour.—It is invariably maintained that 
mechanical stokers result in a considerable saving in 
labour. In the author’s opinion, the general claims 
made in this respect are an exaggeration. In the first 
place, it must be remembered that a large number of 
mechanical stokers are installed without coal-elevating 


gear. On any small boiler plant up to, say, four “‘ Lan-’ 


cashire’’ boilers the saving in labour is nil. For such 
a plant, hand fired under average conditions, two fire- 
men do the work shift, and wheel their own ashes. 
If mechanical stokers are installed without elevators 
all the coal has to be thrown up into the hoppers in 
addition to getting out the ashes and wheeling them 
away. Two men will still be required, and, even if 
coal-elevating gear is installed, one man cannot look 
after four boilers and wheel away all the ashes. In 
practice the same two men are still necessary, and the 
cost of labour is exactly the same. The only difference 
is that the two men have an easier time, which is, of 
course, an advantage, but the labour bill is no less. 
Even with a comparatively large plant of eight boilers 
the saving is not very much. Such a plant on hand 
firing would have, say, four firemen, but with mechanical 
firing and elevators two men can hardly look after eight 
stokers, and in practice three men would be required. 
The saving, therefore, would be one man’s wages per 
shift. It is possible also that in most cases this same 
saving would be obtained on a plant of six boilers, which 
is about the average-sized plant. On plants larger than 
eight boilers the saving sp ey of course, to be con- 
siderable. For example, a plant of twelve boilers would 
require six men per shift for hand firing, and, say, one 
man to keep ash-wheeli' With mechanical stokers 
and coal elevators, and at the same time an ash elevator, 
three men could look after the whole installation, thus 
saving the labour of four men per shift. On, say, two 
shifts of 24 hours, this would mean a saving of about 
£1,250 per annum on a total coal bill of, say, £43,000 per 
annum, or, say, 3 per cent. of the coal bill, The great 
majority of the boiler plants of the country consist of 
six boilers or less, and the saving in labour, therefore, 
- to mechanical stoking applies only to a very restricted 
field. 

12. Skilled Attention.—Some mechanical stoker firms 
claim that no special skilled attention is required, and 
that the stokers are largely automatic and ‘‘ fool-proof.”’ 
Many steam users, however, object to mechanical stoking 
on the ground that they have to engage much more 
skilled attendants. This is in itself really no drawback 
at all to mechanical firing, and all modern methods of 
scientific control in the fire-hole tend to more complica- 
tions, and, therefore, more skilled attention. It is, 
however, very foolish for some mechanical stoker firms 
to claim “no skilled attention” as an advantage. 

13. Better Conditions in the Fire-hole-—It is a minor 
claim that with mechanical firing the labour conditions 
in the fire-hole are greatly improved, and the heavy 
work of “cleaning out” by hand is avoided. This is 
undoubtedly a big advantage for mechanical firing. 
Advocates of mechanical firing, a3 @ rule, say little or 
nothing about it, but it is really the chief advantage. 
Hand-firing is very laborious, especially in ‘‘ cleaning 
out,”’ and this is going to be a big point in view of the 
labour difficulties in connection with improved conditions 
of working. 

One of the points in modern methods of steam genera- 
tion is to have good be pn | conditions, and it is impos- 
sible to get the best results otherwise. Many boiler 
fire-holes to-day, both with hand and mechanical firing, 
are in a disgraceful condition in this respect. If, how- 
ever, modern scientific methods were adopted, and 
hand-firing conditions radically improved, the advant 


and interest on the money, together with depreciation, 
and this is shag A an ionesen t disadvantage of 
mechanical . Taking, again, an 

plant of six boilers, mechanical stokers with coal elevator 
and accessories will cost, say, 2,500. Interest at 6 per 
cent. on this outlay is 1501. per annum, and, taking 
12 years of life as a reasonable figure, this corresponds 
to, say, another 200/. per annum, apart from the constant 
repairs of, say, 240i. per annum already mentioned. 
The coal bill for such a plant on two shifts per 24 hours 
would be about 18,000/., so that the above item would 
swallow up, say, 2 per cent. saving in the coal bill. 

Based on these 80 tests, the advantages or otherwise 
of mechanical firing can be summarised as follows :— 

1. Efficiency.—As boiler plants are worked to-day, 
mechanically-fired plants are actually giving inferior 
results to hand firing, although the difference is not 
ag If boiler plants were run on correct scientific 
= there is no particular advantage in mechanical 

ing. 

2 002.—As boiler plants are worked to-day, me- 
chanically-fired plants are giving slightly better results, 
If boiler ts were run on correct scientific lines. 
mechanical firing would still give slightly better results, 
but the advantage is not t. 

3. Life of the Boiler.—There is no appreciable differ- 
ence between mechanical and hand firing in this respect. 


this applies roughly to both mechanical and hand firing. 
Thus, in the 80 tests, three plants are already running 
at 75 per cent. efficiency or over, and five plants at 
over 72 per cent. 

On the annual coal consumption of 14,000,000 tons 
to 18,750,000 tons, with 59 per cent. efficiency, if all 
these mechanically- plants were brought up to date 
and run on scientific lines with a net working efficiency 
of 75 cent., the saving would be 21 per cent. of the 
coal un, that is, 2,940,000 tons to 3,937,000 tons per 
annum. That is to say, the “ Lancashire” boiler plants 
of the ——— fired, as worked at present, 
are losing 2,940,000 tons to 3,937,500 tons of coal per 
annum, valued at, say, 30s. per ton. 

The reason of this is beeause of two things. First, 
some types of meehanieal stoker are of defective design, 
and most t; of stoker are limited as to their capabili- 
ties, and will only give good results under certain par- 
ticular conditions. 

Second, the scientific control of steam boiler plants is 
not understood. Efficient and economical steam 
generation is essentially the business of a specialist, and 
comprises a combination of technical chemistry and 
pee Bes outside ordinary practi and this 
applies equally to mechanical and hand firing. As a 
consequence, the average efficiency of the boiler plants 
of this country is only about 60 per cent. As cheat 








4. Amount of Steam Produced.—As boiler plants are 
worked to-day, mechanically-fired plants are giving 
about the same results as hand ov. If boiler plants 
were run on correct scientific lines there would still be 
no advantage in mechanical firing. 

5. Flexibility in Steam Output.—It is a defect of 
mechanical firing that it will not respond to violent fiuc- 
tuations in the demand for steam as well as hand firing. 

6. Flexibility in Quality of Puel Used.—It is an 
inherent defect in mechanical firing that it is not “‘ flex- 
ible” from the point of view of burning all qualities of 
coal. It is also a defect of mechanical firing, as boiler 
plants are worked to-day, that it will not burn all grades 
of inferior coal as efficiently as hand firing, and the 
same would apply if modern scientific methods were 
adopted. 

7. Amount of Puel Burnt.—As boiler plants are worked 
to-day, it is an advantage of mechanical firing that 
somewhat more coal is burnt per boiler. If modern 
scientific methods were adopted, there would probably 
be little difference. 

8. Black Smoke.—As boiler plants are worked to-day, 
it is an advantage of mechanical firing that less black 
smoke is produced. If modern scientific methods were 
ado , black smoke would be abolished for both 
mechanical and hand firing. 

9. Cost of Upkeep.—This is an inherent disadvantage 
of mechanical firing, much greater than is generally 
supposed, 

10. Steam Jets.—As boiler plants are generally worked 
to-day, this is a most serious disadvantage of mechanical 
firing, and the cost of working these steam jets is enor- 
mously greater than is generally realised. If modern 
scientific methods were adopted, this would still be a 
decided disadvantage. 

1l. Cost of Labour.—The advantages claimed for 
mechanical firing in this respect only apply in a com- 
paratively few cases, that is, in large boiler plants of, 
say, eight “ Lancashire” boilers or over. 

12. Skilled Attention.—More skilled attention is 


in the article, ‘Coal Saving by the Scientific 
Control of Steam Boiler Plants,’ the saving estimated 
to be obtained by reo ising all the boiler plants of 
the country would be about 20 per cent., that is to say, 
the buge amount of 15,000,000 tons to 20,000,000 tons 
of coal per annum on the total national coal consump- 
tion for steam raising of 75,000,000 tons to 100,000,000 
tons. 

The saving to be obtained in the colliery industry 
alone is very great. This has been dealt with in detail 
in Enerveerine, July 25 and a 1, 1919 (“* Exact 
Data on the Running of Steam Boiler Plants—No. 2: 
The Performance of Colliery Boiler Plants’’), giving 
the exact figures for the performance of 100 typical 
colliery steam boiler plants. The average net efficiency 
| of colliery boiler plants was found to be 55-5 per cent., 
| and if the plants were reorganised and worked on 70 per 

cent. efficiency, and a proper proportion of refuse coal 
| burnt, the national saving would be 6,600,000 tons of 
coal per annum on the annual colliery coal bill of 
| 18,500,000 tons. These figures will be of considerable 
interest in connection with the Government scheme of 
super-power stations and national electrification. 

he total national saving to be obtained by bringing 
up to date the existing boiler and power plants of the 
country, both for steam generation and utilisation, is 
enormous. It must amount to at least 30,000,000 tons 
to 40,000,000 tons of coal per annum, and the saving is 
certain and obvious. The cost of carrying it would be 
a mere trifle compared with the stupendous expenditure 
required under the national electrification scheme. 
The savings promised under the latter scheme are, in 
the author’s opinion, optimistic, to say the least, and 
it is very questionable whether in practice the net 
saving, after deducting interest on the money and 
depreciation, would be very much more than could be 
obtained by bringing existing plant up to date. 








Tue Hanyenpine Iron Worxs.—The Hanyehping 
Iron works says Finance and Commerce, Shanghai, 





required as com with hand firing, although this 
can hardly be ry minor disadvantage of -: ical 


13. Better Conditions in the Fire-hole.—This is one of 

the chief advantages of mechanical firing, and is much 

ter than is usually thought, in view of labour con- 
itions. 

14. Capital Outlay, Interest and Depreciation.—This 
is, of course, an inherent disadvantage of mechanical 

ing, which cannot be obviated in comparison with 
hand firing. 

It will be seen, therefore, that a proper consideration 
of the advantages or otherwise of mechanical firing as 
applied to “ Lancashire”’ boilers is a most complicated 
undertaking. It is not easy to decide whether for a 
given ‘‘Lancashire’’ boiler plant mechanical firing is 
advisable, and very many factors have to be taken into 
account. Each boiler plant has to be considered entirely 
Speak merits, and be ag any two Be are alike. 

ing v generally, however, the advantages of 
mechanical ‘fae as oo to ‘‘ Lancashire ’’ boilers, 
are greatly exaggerated, and even if mechanical ae 
is the best for a given plant, it is still a complica 
ae to decide which make of stoker is the best 
or the particular conditions. 

Turning now to the saving to be effected by adopting 
more up-to-date methods, as already stated, a proper 
engineering census of the country is needed, and it is 
therefore not possible to give exact res. Taking, 
however, the annual coal consumption of Great Britain, 
for steam generation only, as 75,000,000 tons to 
100,000,000 tons, and assuming 25 per cent. of this is 
burnt by mechanical stokers, the national coal bill 
mechanically fired would a 18,750,000 tons to 
25,000,000 tons per annum. Taking, in, say, 75 per 
cent. of this figure for “ Lomeashiee” Gollosa only, one 
is left with, say, 14,000,000 tons to 18,750,000 tons, 
which is being burnt with a net working efficiency of, 
say, 59 per cent. The author maintains that, as a 
result of many years’ practical experience of up-to-date 
methods of steam generation, an average boiler plant 
can be run on 75 per cent. to 82 per cent. efficiency with 





undoubtedly still remains wi' mechanical ing. 
Mechanical firing also lends itself particularly well to 
automatic coal handling. 

14. Capital Outlay, Interest and Depreciation.— 
Another important factor is the initial capital outlay 





rd 'y steam coals or coke, depending on the particular 
conditions of the plant. With purely refuse fuels the 
best efficiency possible may be only, say, 65 per cent. to 
70 per cent., but for all practical purposes 75 per cent. 
net working efficiency may be taken as the average 
figure to be obtained on continuous performance, and 


produce over 160,000 tons of raw iron and 60,000 tons of 
steel per annum, but in the near future this output 
will be far surpassed. According to a British expert, 
Tayeh iron ore yields as high as 60 per cent. of pure iron, 
while the vein is so thick, even at the surface, t, with 
an annual output of 1,000,000 tons, it would be sufficient 
to last Levi ym The supply, actually, may be multi- 
plied several times when deeper layers are surveyed. 








New Surevarp on THE Tyne.—Further evidence of 
| activity in the shi comme | indus is given by the 
| work carried out during the last few weeks by the 
Newcastle Shipbuilding Company, Limited, at Hebburn. 
| The company, of which Mr. J. Crass is chairman, was 
incorporated in August last year to take over the small 
pee ed and repairing business of the Huntley Ship- 
building Company. It was originally intended to 
build small ships and carry out repairs, using three berths, 
of which two were 265 ft. in length while the other had 
@ length of 180 ft. The erection of offices, stores and 
shops was then commenced, and is now completed. 
Later in the year, however, a larger scheme was in- 
ee. and 16 acres of adjoining land were purchas 
and a new lay-out devised which involved the demolition 
of the old slipway. The work is now in hand, and, 
when completed, the yard will have 4 river frontage of 
1,500 ft., with two fitting-out berths, each 300 ft. in 
length. Ten building berths are provided for, including 
| the three previously mentioned, and seven others ranging 
from 350 ft. to 530 ft. in length. The three small berths, 
|and three of the larger, are now completed, and, on 
| the 26th ultimo, the keel of the first ship, vessel 331 ft. 
in length, was laid. On the following day, a second 
vessel, 295 ft. in length was laid down, and the keel 
blocks are now ready for laying down a third vessel 
in the course of the next few days. The yard is su plied 
with electric power by the Newcastle Electric upply 
Company, call-ens sub-station is now completed and in 
operation. Another sub-station is under construction, 
and the power-house, which will supply the hydraulic 
and pneumatic services, is also being built. The joiners 
shop is completed, and some of the wood-working 
| inne in operation, while work on the frame shed, 
ters’ and mould loft is well in hand. Mr. Harold 
} Rlerey has been responsible for the 
| yard, which, we understand, will be 
some years. 
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AERONAUTICS. 


136,293. D.J.Mooney, London. Aeronautical Machines. 
(10 Figs.) December 19, 1918.—This invention relates to 
attachments, such as wiring plates and strut fittings, to metal 
spars for aviation, which require to be strong, and yet of light 
weight. Such fittings are secured by through bolts and nuts b. 
In a hollow sestananine shaped spar the bolts for fixing the wiring 
plates would pass through the sides or webs; these sides are 





strengthened by circular, square or rectangular plates c riveted 
to them, and to give strength to resist the compression of the bolt 
a tube ¢ is inserted passing through a hole in the sides and butting 
up against the plates, so as to confine the tube endwise. 

sides or webs of the spar may be corrugated longitudinally. The 
outer plates c may be continued up to and riveted to the flanges 
< the ons} as ey be pierced to lighten them. (Accepted 


136,226. Wolseley Motors, Limited, Birmingham, and 
A. J. McCormack, Bi . Aircraft ers. 
(2 Pigs.) December 6, 1918.—This invention relates to the 
mounting and driving of aircraft propellers of the kind which are 
mounted co-axially with the engine shaft, but are driven at a 
different speed therefrom, and in which a toothed wheel fixed in 
relation to the engine shaft drives a co-axial toothed wheel fixed 
in relation to the hub of the propeller through the medium of 
planet wheels fixed in relation to a shaft carried by a part which 
is fixed in relation to the engine casing. The ihvention consists 
in the arrangement whereby the propeller hub is turningly 
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mounted upon the engine shaft, in a manner to ailow it to revolve 
at a different speed in relation thereto. A is the engine casing, 
B the crankshaft, C the propeller hub and D the —e f the 
reducing ome Keyed upon the crankshaft is a sleeve Bl, with 
which is integrally formed a spur jon E, having spur teeth 
which mesh with the teeth of four et wheels F formed integ- 
rally with four hollow shafts G, each mounted to turn in 
bearings g at one side of the casing D, and in roller bearings gl 
at the other side. Keyed each shaft G is a second 

planet wheel H of a diameter somewhat Jess than that of each 
wheel F, and the teeth of each wheel H mesh with the teeth of a 
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spur wheel J. The spur wheel J has integrally formed therewith 

a sleeve j, which is keyed within an annular projection ¢ of the 
hub C. The diameter of the wheel J is somewhat greater than 
that of the spur wheel E. The drive from the engine shaft B 
is transmit to the spur wheel E, planet wheels F, shafts G, 
planet wheels H, spur wheel J, and from thence to the hub C of 
the propeller. The propeller runs at a speed less than the speed 
of the engine shaft. The casing D is prevented from turning by 
torque links connecting it to the engine casing or other fixed part 
of the aircraft. The hub C is rotatively mounted upon the sleeve 
B1 by roller bearings cl positioned at the central vertical plane 
of the hub and by ball bearing ¢2, which sate the sleeve j, 
which is keyed within the hub, is integral with the spur pinion J. 
The thrust of the propeller in one direction is transmitted through 
the hub C to a thrust ring a, to a ring of balls b, to a thrust ring e, 
through the inner race of the bearing cl, to a nut /, which is 
screwed to the outer end of the sleeve Bl. The thrust of the 
sleeve Bl is transmitted through a tapered ring A to a nut L, 
which is screwed upon the outer end of the engine shaft. The 
thrust of the latter is taken by the engine casing through a collar M 
and thrust bearing O. Any thrust in the other direction is trans- 
mitted through the thrust ring a, to a ring of balls k, to a thrust 
ring m, through a distance sleeve p and through the inner race 
of the bearing c2 to the sleeve B1 ; from the sleeve B! to a distance 
piece g, and through the inner race of the roller bearing r and 
packing ring s to the thrust bearing O. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


136,247. K. E. L. Guinness, Kin . § ng 
Ph . (2 Figs.) December 9, 1918.—This invention relates to 
spar . plugs. Laminar material for the insulating sleeve for 
the central electrode is used as a wrapping for the purpose of 
getting rid of crevices and further, is combined, if desired, with a 
protective shield. The central electrode ists of ted 
co-axial parts El, E2. The end E2 of this electrode El, E2, 
is of less diameter than that of the end El, and consequently 
of less diameter than that of the portion / of the bore of the 
coating or wrapping I of insulation within which said end E2 
is situated. By this reduction in diameter the surface of the 
part E2 of the electrode is kept well away from the part F of the 
metal body B of the plug. The insulating coating or wrapping I, 
laid upon and extending downwardly beyond the part E!, fits 








the bore b of the plug, whilst the interior of the bore exposed 
to the hot gases presents a curved natural and uninterrupted 
surface thereto, in which curved surface there is but one crevice, 
namely, that at the terminal vertical margin of the sheet. The 
lower end L of the insulation I terminates at about the level 
of the inwardly- i ae F of the plug y. The 
flange not only shields the bottom face of the insulation, but also 
diverts towards the central electrode and away from the lower 
interior surface of the coating or wrapping I, any upflow of gas 
rising into the plug through the orifice O. In the construction 
illustrated in Fig. 2, the central metallic electrode El, E2, has an 
insulating wrapping I of mica sheet, which terminates just 
above an enlargement E5 on the electrode, which enlargement is 
ts greater diameterthan the diameter d of the coating or wrapping. 
Sealed.) 


136,189. A. H. Lymn, London. Producer Gas Plant. 
(1 Fig.) March 2, 1918.—The invention consists in a gas cooler 
and air-heater saturator for use in connection with gas-producer 
plants comprising a cylindrical vessel a, a partition p dividing 
said vessel into two superposed compartments b, c, gas inlets d, 
and outlets e to and from the upper compartment, air inlet f 
and outlet g to and from the lower compartment, a pump for 
circulating in a continuous cycle, liquid for cooling the gas 
through the upper compartment and allowing said liquid thus 
heated to pass by gravity also through the lower compartment 
for preheating and saturating the air with steam or vapour in 





combination with means for causing the intimate intermixing 





of the gas and liquid on the one hand and the air and liquid on 
| pel a without a . — the a a us be 
|W. ut caus undue resistance to the te) gas an 
air respectively. A number of inverted funnels m are fixed 
at suitable intervals to the walls of the compartments 6 and c. 
A shaft n, which gonees through the opening of the inverted 
truncated cones or els carries suitable distributing devices o. 
The partition p extends into a pipe g, which dips into a water seal 
in the vessel r.' The lower compartment is —— with a 
liquid outlet A discharging into the tank #. gases coming 











from the producer enter the inlet d of the upper c ment, 

and issue from the outlet ¢ of the said compartment. Liquid is 

Pemes Menon the pipe / and discharged on to the first distri- 
yu evice 0. 


ae of the momentum of the gases 
ascending t! the compartment, the liquid is thoroughly 
atomised. The liquid passes through the partition p and 


into the liquid seal of the vessel r, overflows the ed: of sal 

vessel r and falls on to the first distributing device o of the lower 
compartment, where it meets a current of air entering at /, 
whereby the liquid is thor y atomised. The liquid collects 
on the sides of the first collecting device m, and falls thence on the 
second distributing device o, and so on until it issues from the 
pipe ; and is collected in the tank ¢. (Accepted 24, 


MACHINE AND OTHER TOOLS. SHAFTING, &c. 
136,241. W. Alexander, Gi ,and K. W. H. Macphail, 
- Roller Bearings. (3 Figs.) December 9, 1918.— 
The invention comprises an annular cage member 1, having 
internal slots to receive contracted portions 8 of the rollers 


po 
intermediate the ends 4, 4a, therefore, the side walls of said slot 
ntial to, the annular ; 
a roller next to that 


being offset from the centre of, or tan 
the depth of one of said slots is such 


Fig.1. 





(16240) 


to be inserted may temporarily occupy a position sufficiently 
remote from the centre of the cage 1 to permit insertion of the last 
and adjoining roller. When the rollers are fitted to the cage, 
a housing 5 — bo ey he roller temporarily remote 
from the centre of the cage ma: moved into operative position. 
Fitted between the housing 5 and the cage 1 are liners 6, 6a, 
serving to prevent the cage and rollers from mo endwise, 
there being one liner on each side of the cage. (Sealed.) 
135,679. William Asquith, Limited, Halifax, and G. 
Feather, Halifax. Radial Machines. (1 Fig.) 
January 7, 1919.—According to this invention, a spiral 
drives two spiral ~~ of which one is rotatably mounted about 
the axis of the drill spindle, and the other carries a bevel pinion 
gearing with a bevel wheel that is also rotatably-mounted about 


o 


between 


clutch inte 
g capable of putting either 
of such wheels into driving connection with the drill spindle. 
A spiral gear A is driven by a shaft ¢! extending along the radial 


the axis of the drill spindle, a drivin 
the bevel wheel and the spiral gear be 


arm (not shown). Gearing with such wheel is a spiral gear B 
fixed on a short shaft b terminating at one end in a bevel pinion 61. 
The pinion bl gears with a bevel wheel b* rotatably mounted 
concentric with the drill spindle D. The wheel b4 is provided 
on its under surface with clutch teeth 67. Gearing with the 

iral wheel A is a spiral wheel E that is rotatably mounted about 
the axis of the drill spindle and is provided on its upper surface 
with clutch teeth el. Slidably mounted on the drill spindle and 
arranged in driving connection therewith, is a clutch member F 
having clutch teeth on both faces and such clutch is provided 
with hand-lever control mechanism for enabling it to be put 
into gear with the wheel b*, or with the wheel E, to drive the 
spindle in one direction or the other, or to be moved to a neutral 
position, as shown in the drawing. (Sealed.) 


and C. Wilson, Coventry. Chucks. ( 
1919.—This invention relates to chucks of the t: 
opened or closed during its rotation. di nven , 
the sleeve D and the chuck body B are connected to one another _ 














by a plurality of antt-triction Sete 5 ingot 4 yaret in ceases 
ferentially disposed groove e sleeve, and partly in a circum- 
ferential Am 99 in the adjacent surface of the chuck body, the 
ball diameter being less than the width of one or both of the said 
grooves. By this construction the balls limit the endwise 
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movement of the two members relative to one another in accord- 


ance with the difference between the diameter of the balls and 
the width of the groove or grooves. The groove in the sleeve is 
of semi-circular cross-section adapted to form a race for the 
balls E. The circumferential groove in the body lies opposite 
to and co-operates with the groove in the sleeve, and having a 
width greater than the groove by the amount of endwise move- 
ment required for the sleeve. By this construction the sleeve D 
can be freely rotated on the chuck or moved endwise thereon for 
a distance equal to the amount by which the groove in the 
body B exceeds the ball diameter in width. (Sealed.) 


MOTOR ROAD VEHICLES. 


135,681. J.D. Siddeley, Merinden. Wheels. (1 Fig.) 
January 8, 1919.—This invention relates to wheels of the class 
in which one or more annular discs are suitably related to an 
annular outer member and an annular or inner member. A 
wheel, according to this invention, comprises a hub w, a single 
disc 6 mounted on said hub, an L-shaped ring ¢ detachably 
mounted on said disc, and a rim v for the elastic tyre carried by 
the horizontal arm of the L-shaped ring. The drawing shows 
the preferred form of the invention in which the L-shaped ring c 
is mounted by its vertical arm on the periphery of the disc b of 
the wheel, and on the horizontal arm of said ring is mounted the 
rim v of the tyre. When a brake drum a is employed it can con- 
veniently be formed on or fixed to the aero of the disc b. 
The L-shaped ring ¢ is fixed to the disc b by bolts, and the disc b 











is fixed to the outer end of the hub w by bolts, said disc being 
suitably dished to bring the rim v and/or the brake drum a in 
suitable relationtothe hubw. The rim vis fixed tothe horizontal 
arm of the L-shaped ring ¢ by riveting and/or brazing or welding. 
(Sealed.) 


135,700. Wolseley Motors, Limited, Birmingham, and 
A. J. McCormack, B mgham. Wheels. (10 Figs.) 
January 31, 1919.—This invention relates to wheels which 
comprise a sheet metal disc having the base of the rim upon 
which the tyre rests formed integral therewith, and in which a 
side of the rim is formed integral with the base of the rim, and 
consists as to one of its features in permanently attaching the 
other side of the rim, or a ring recessed to receive a removable 
split ring, to the base of the rim at about the place where the 














dise joins thereinto, or to the face of the disc at about the point 
where it joins into the rim. Such attachment is conveniently 
formed by welding. A is the disc having pressed integral there 
with the base B of the rim, which has its inner edge 6 formed 
to receive a removable split ring c. The side d of the rim is 
welded to the tread surface of the rim which latter is formed 
with a recess within which a flange of the side d may lie. The 
dise A is bolted to a flange of the hub E by studs and nuts. 


( Sealed.) 
PUMPS. 


136,366. R. Stewart, Luton, aud M. Allen, Manchester. 

. Centrifugal Pumps. (2 Figs.) February 5, 1919.—The 
invention relates to a centrifugal pump constructed without 
packing or glands rticularly for pumping acids or other 
corrosive fluids, in which the impeller casing is suspended clear 
of the bottom of the cistern and by self-contained means, whereby 
the pump and its attached parts is a self-contained portable 
unit, and can be readily removed from the cistern. To effect 
this the apparatus is carried by a girder device, which can be 
placed upon and be supported by the cistern or tank, or by 
other means. In the ent shown in the drawing all the 
parts are carried by a girder a adapted to straddle the tank b. 
The girder a is provided with feet al, which rest upon the top 
of the tank. The girder has a vertical extension c, shown conical 
in shape, the upper part of which is provided with a bearing d 
for the upper end of a pump spindle ¢. The reduced end e! of 
the pump spiadle carries a cnegerens cap f and ball bearing /1. 
Another bearing g, for the s' é, is provided at the lower end 
of the conical extension c of the girder, clear above the level of 
the acid within the tank. To the lower end of the vertical shaft ¢ 


| drawing air and vapour from a main condenser and delivering 








is secured the impeller h, whose blades revolve within a casing i. 
This casing is formed in two or more parts, the body proper# 
and the cover 41 therefor, secured by ‘ irder a, 
and is suspended clear of the bottom of the tank. Liquid within 


> Wasns 
co - 





the tank b has access from above and below the casing, being 
induced therein by the action of the impeller, which also force 
it out through a pipe j. The parts of the submerged mechanism 
are treated with, or made of, acid-resisting material. (Sealed.) 


STEAM ENGINES, PRODUCERS. HOLDERS, &c. 


135,885. H. Fothergill, Westminster. Steam Con- 
densing Plant. (4 Figs.) September 25, 1918.—This invention 
relates to the automatic control of steam-condensing plants of 
that kind where a steam jet ejector device is employed for with- 


it to an auxiliary condensing device. The invention consists 


or collars 6 fixed on or integral with the rotor 5. It will be seen 
that fluid leaking thro’ land will be caused repeatedly 
to change its direction of flow, to step over the rings or collars 6, 


the arrangement being such as to ensure the formation of eddy 


Ew 
oR 








currents and wire-drawing of the fluid. As shown, the ridges 4 
present knife-edges so that for the event of contact between 
the rotating and the stationary parts the knife-edges will be 
readily worn or rubbed away. (Accepted December 17, 1919.) 


MISCELLANEOUS. 


136,018. Butlers, Limited, Small Heath, Birminham 
and A. Reeves, Small Heath, Birmingham. Grease Cup 
Lubricators. (3 Figs.) January 31, 1919.—The invention 
refers to that type of grease cup lubricator, the annular wall of 
which is screw-threaded and adapted to receive a cap, itself in 
the form of a cup, which co-operates with the grease cup in such 
a manner that the grease placed therein can be forced into the 
bearing by the screwing action of the cap in relation to the cup 
According to the present invention, in this type of grease cup 
lubricator the cup proper b is manufactured by stamping, pressing 
or equivalent operation, as, for instance, from a sheet metal 
blank, and this cup is combined with the base or shank a4 ef the 





broadly in providing for the automatic control of the supply 
of water for condensing the steam and aerated vapour delivered 
by the jet ejector device by means of an automatic valve which 
depends for its operation upon pressure available as a consequence | 
of the operation of the main engines, and also upon vacuum or 

pressure dependent upon the operation of a pump or pumps. | 
The invention is illustrated as applied to the control of a bye- 


densing device, which in this example is shown as a tank. The 
main condenser is indicated at 14, and aerated vapour is with- 
drawn from this condenser by the steam jet ejector 15, and 
discharged through the perforated pipe 16 into a tank 17, to 
which the condensate is also delivered by the pump 18, by way 
of the pipe 17a, the non-return valve 19 preventing any back 




















flow from this tank 17. A pipe 20 from the tank 17 to the 
condenser 14, and the automatic valve illustrated in detail in 
Fig. 2 controls the flow from the tank 17 to the condenser 14. 
This valve comprises a diaphragm 21 loaded by a spring 22, 
and connected to operate the bye-pass valve proper 23. A 
pipe 24 leads from the turbine casing 26 to the chamber 25 above 
the ooae. and another pipe 27 leads from a position between 
the delivery side of pump 18 and the non-return valve 19 to the 
chamber 28 beneath the diaphragm 21. This diaphragm 21 is 
so loaded by the spring 22 that when the turbine is starting up 
or running under light load, the valve is held open by the spring, 
and water from the tank 17 is delivered to the condenser 14, 
wherein it is cooled. At half load or some other predetermined 
load the steam pressure from the turbine casing 26, acting on the 
diaphragm 21 overcomes the spring, and the valve 23 closes, 
the condensate from the condenser at this predetermined load 
being sufficient to condense the steam and aerated vapour 
delivered to the tank 17 by the steam-jet ejector 15. If for 
any reason the condensate pump 18 fails, the non-return valve 19 
will shut and a vacuum consequent upon the vacuum in the 
condenser 14 will be produced in the chamber 28 beneath the 
diaphragm and the valve 23 will close, thus preventing flooding 
of the condenser. (Sea/ed.) 


135,949. James Howden and Company, Limited, 
Glasgow, and J. H. Hume, Glasgow. Turbines. (5 Figs.) 
December 5, 1918.—This invention relates to glands for steam 
turbines. According to the invention, the rotor of the turbine 
is provided with rings or collars, and in conjunction therewith 
there is provided a baffle ring or controlling ring formed with 
intornal grooves bounded by ay engaging the rotor and the 
rings or collars. 1 denotes the baffle ring which is formed in 
halves, and is secured in position by en; ment of a T-shaped 
oan rena projection in a correspondingly-shaped recess in 
the diaphragm 2 which carries the stationary guide blades, and 
which constitutes a housing for the In the inside face 
of the baffle ring 1 are formed recesses 3 bounded by substantially 
V-shaped ridges 4, alternate pairs of which are differently spaced 
from the axis of rotation of the rotor 5 to engage, Tempoottvely. 
the surface of the rotor 5 and the peripheral surface of the rings 


land. 





pass valve between the main condenser and an auxiliary con- | 


‘ubricator, which latter is manufactured by machining, as fer 
instance from the rod. The base or shank a is in the form of a 
short conduit having a depending externally threaded part al, 
an integral body above the same having a hexagonal formation a2, 
and a reduced concentric boss a5 extending from the upper face 
of the body a2. The cup proper } is manufactured from a cireular 
blank of sheet metal by first cupping the same and then punching 
the base of the cup with a concentric perforation bl, the edge of 
which is serrated. The cup 6 is then forced upon the body a so 
that the upwardly-projecting boss @35 thereof is forced through the 
serrated perforation 61. This boss is then enlarged or swaged 
outwardly from the interior of the cup, as shown in Fig. 2, to 
thereby permanently combine the cup }b with the body a, and 
also effectively to lock the cup } from rotation. (Sealed.) 


| _ 136,041. Sir R. T. Glazebrook, Teddington, and A. Fage, 
| Teddington. Anemometers. (4 Figs.) February 22, 1919.— 
This invention relates to anemometers of the hot-wire type. 
The invention consists in an anemometer of the type referred to, 
| in which the velocity of the air current is reduced before passing 
| the hot-wire or through the hot-wire grid. The hot-wire grid a 
| is formed in any usual or desired manner and supported upon an 
insulating frame b carried by a ring ¢ supported upon a stand d. 
| Upon one end of the ring c is screwed a nosepiece e of substantially 


~ 
e 
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streamline form, into the end of which, remote from the hot- 
| wire grid, is fixed a plug/, having one or more fine passages 9 
| therethrough. The plug is preferably of truncated conical form 
| with its larger dimensions at the inner side; and the passages 
| therein are similarly preferably conically arranged. In addition 
| to or in substitution for the apertured plug there is provided one 
| or more screens A of fine mesh arranged either upon the incoming 
| or upon the outgoing side of the wire grid, or upon both the 
| incoming and outgoing sides, the wire screens being convenicnt!y 
| carried by the ring or collar c. (Sealed.) 





Sure ConNEcTION BETWEEN THE RHINE, MAIN aND 
DanvuBE.—The British Commercial Commissioner at 
Budapest draws attention to a report by the Main-Danube 
Stromverband, published in the Pester Lloyd on the plan 
to connect the Rhine, Main and Danube. The report 
deals with a waterway for ships of 1,200 tons on a line 
via Wernfeld-Bamberg-Nuremberg-Beilngries which is 
considered to be the best from the technical, financial and 
economical points of view. Statistics are given showing 
that traffic estimated at over 3,000,000 tons, taking 1912- 
13 figures as a basis, would be drawn tothe canal, Apart 
from this, a large increase is expected in the transport 0! 
wood and cereals, conservatively estimated at 1-2 million 
tons, making a total :f over 4,000,000 tons in the 
beginning. Moreover, it is stated that the canal would 
be the means of obtaining power to the extent of 100,000) 
h.p. The report believes that taking into consideration 
the economic advantages the project would be a paying 
one. 








